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taic  arc*  Since  this  discovery,  the  attention  of  inventors 
has  been  devoted  to  the  production  of  suitable  carbon  rods 
tar  the  arc  lighting,  and  to  methods  of  forming  the  arc,  and 
maintaining  it  at  a  uniform  length. 

There  are  many  varieties  of  arc  lamp,  all  of  which  are 
necessarily  based  on  the  discovery  of  Davy.  There  are  also 
many  kinds  of  dynamo  adapted  to  furnish  currents  to  arc 
lamps,  and  a  large  variety  of  accessories,  such  as  switches^ 
cutouts,  resistance  boxes,  current  indicating  and  measuring^ 
instruments,  by  many  inventors*  It  is  therefore  obviouslj 
impossible  to  enter  into  a  detailed  description  of  them  alLl 
The  United  States  system,  employing  the  Weston  d3'namc 
and  lamp,  has  been  selected  as  a  representative  system.  I| 
has  been  long  in  successful  use  in  New  York  and  other  cities^] 
One  of  its  most  interesting  applications  is  that  of  the  ilk 
mination  of  the  New  York  and  Brooklyn  bridge,  where 
arc  lamps  are  supplied  with  the  current  from  four  dynamos 

The  Weston  machine  is  shunt-wound,  i,  t\,  the  current 
divides  at  the  commutator  brushes,  a  part  passing  through 
the  wire  of  the  field  magnet,  the  remainder  supplying  th€ 
external  circuit.  The  armature,  which  is  of  the  drum  type,  ij 
provided  with  a  sectional  core  consisting  of  soft  iron  disl 
insulated  from  each  other,  and  separated  by  a  small  space 
Air  is  made  to  circulate  through  the  armature  by  centrii 
fugal  action. 

The  winding  of  the  armature  is  similar  to  that  shown  it 
Fig.  462,  Fig.  503  is  a  diagram  of  the  winding.  Here  the 
small  loops  show  the  points  of  attachment  to  the  commut 
tor  bars*  The  full  lines  represent  the  first  series  of  coil 
wound  on  the  armature.  Each  coil  of  the  first  series  occi 
pies  a  portion  of  two  diametrically  opposite  spaces,  but  it 
will  be  observ^ed  that,  although  each  space  contains  a  coil, 
only  half  of  the  commutator  bars  can  be  connected  with  this 
series.  Therefore,  a  second  series  of  coils  is  placed  upon 
the  armature,  as  shown  in  dotted  lines.  These  coils  are 
arranged  in  the  spaces  at  the  side  of  the  coils  of  the  first 
series,  as  shown  in  Fig.  504 — the  wires  of  the  first  series 
being  represented  by  the  black  circles,  and  those  of  the 
second  series  by  the  white  circles. 


Commmator  Connections. 

connected  with  the  second  commutator  bar  in  advance.  The 
coils  represented  by  the  black  Hnes  are  thus  connected  with 
alternate  bars  of  the  commutator,  and  in  a  similar  manner 
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Fig,  506, 


Westoii  Arc  Lamp. 


the  terminals  of  the 
coils  shown    in    white 

lines  are  connected 
then  with  intermediate 
bars  of  the  commuta- 
tor. 

By  this  arrange- 
ment of  the  coil  ter- 
minals, short -circuiting 
of  any  coil  is  avoided, 
and  by  arranging  the 
coils  equally  distant 
from  the  armature 
core,  the  length  of  con- 
ductor in  all  of  the 
coils  is  rendered  prac- 
tically equal,  and  all  of 
the  coils  are  made  to 
pass  through  the  same 
part  of  the  magnetic 
field.  By  this  means 
sparking  at  the  com- 
mutator is  avoided,  and 
the  efficiency  of  the 
machine    is  increased. 

The  Weston  arc 
lamp  is  shown  in  pers- 
pective in  Fig.  506  and 
in  detail  in  Figs.  507, 
50S  and  509.  In  this 
lamp  the  arc  is  some- 
what less  than  one 
thirty-second  of  an  inch 
in  length.  As  com- 
pared with  most  other 
systems  it  is  extremely 
short.  The  arc  in  the 
Brush  system  is  nearly 
one  eighth  of  an  inch. 


Feeding  Mechanism  of  the  Wcslon  Arc  Lamp. 


the  decreased  liability  of  injun^  Id  j»ersons  coming  in  contact 
with  the  conductors. 

In  Fig.  506  is  shown  a  duplex  or  double  carbon  lamp 
designed  for  all-night  burning.  Ihe  regulation  of  the  arc  is 
effected  in  this  lamp  by  a  single  electro-magnet,  D  D,  which 
feeds  both  sets  of  carbons,  and  is  diflferenttally  wound  with 
two  sets  of  coils,  one  of  coarse  wire,  which  is  included  direct- 
ly in  the  arc  circuit/the  other  of  fine  wire  placed  in  a  derived 
circuit  of  high  resistance.     This  arrangement  of  high  and 
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low  resistance  coils  in  the  lamp  is  necessary  to  adapt  it  for 
use  in  series. 

The  lower  terminal  of  the  coarse  wire  helix  is  electrically 

connected  with  both  upper  carbon  carriers,  and  the  current 

and  feeding  mechanism  are  shifted  simultaneously  at  the 

proper  time  to  the  second  set  of  carbons  by  the  shifting 

magnet  M,  included  in  a  derived  circuit  of  high  resistance. 

K      The  shifting  lever  C  carries  wedge-shaped  slides  //,  //',  w^hich 

H     are  inserted  under  the  ends  of  one  clutch  or  the  other,  so  as 

H  ^  to   trip    it    and    prevent 


Fig.  509. 


a>i 


fflE» 


njj^ 


it   from   lurther  engage- 
ment with  its  rod. 

While  the  first  set  of 
carbons  is  burning,  the 
circuit  of  the  magnet  M 
is  open.  The  upper  car* 
bon  R  of  the  second  set 
is  held  up  by  the  hook  Lp 
and  the  shifting  lever  is 
locked  in  the  proper  posi- 
tion to  lift  the  first  clutch 
free  and  trip  the  second. 
When  the  first  set  of  car- 
bons is  consumed,  the 
circuit  of  the  magnet  M 
is  completed  by  a  stop  H 
on  the  upper  rod  R  com- 
ing into  contact  with  the 
guide  K,  and  the  shifting 
magnet,  drawing  up  its  armature  G,  lifts  the  detent  from 
the  lever  C,  allowing  it  to  swing  off,  and  at  the  same  time 
reverse  the  positions  of  the  slides  under  the  clutches,  and 
release  the  upper  carbon  of  the  second  set. 

As  the  upper  carbon,  R',  of  the  first  set  is  supported  out 
of  contact  with  its  lower  carbon  by  the  stop,  the  current  is 
diverted  to  the  second  set  of  carbons  as  soon  as  they  come 
into  contact,  and  the  feeding  magnet  no\v  works  the  second 
clutch  instead  of  the  first.  This  is  done  instantaneously,  so 
that  no  flicker  in  the  light  is  noticeable. 


Plan  View  of  Feeding  Mechanism. 
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Fig.  510. 


The  feeding  mechanism  of  the  single  lamp  is  the  same  as 
that  of  the  duplex  lamp,  omitting  the  duplicate  parts  and 
the  shifting  mechanism. 

It  is  necessary  that  the  electro-motive  force  of  the  arc- 
light  machine  should  be  variable  within  wide  limits,  to  adapt 
the  current  to  a  var\*ing  number  of  lights.  In  this  kind  of 
illumination  the  current  remains  constant,  w^hile  the  electro- 
motive force  varies  from  that  required  for  the  operation  of 
a  single  arc  lamp  to  that  necessary  to  overcome  the  resist- 
ance of  all  of  the  lamps  and  other  resistance  in  the  circuit. 

It  is  obviouslv  imprac- 
ticable to  regulate  the  elec- 
tro-motive force  by  chang- 
ing the  speed  of  the  dynamo. 
In  the  Weston  system  this 
is  effected  by  introducing 
resistance  into  the  field 
magnet  circuit-  The  rheo- 
stat shown  in  Fig.  510  is 
introduced  into  the  field 
magnet  circuit,  as  shown  in 
the  diagram,  Fig.  511,  B)^ 
turning  the  lever  of  this 
rheostat  any  amount  of  re- 
sistance may  be  put  in  the 
field-magnet  circuit,  thus 
varying  the  amount  ol  cur- 
rent used  to  excite  the  field  Rheostat. 
magnet,  consequently  varying  the  electro-motive  force  of  J 
the  dynamo. 

The  Weston  dynamo,  however,  does  not  require  adjust- 
ment for  every  change  of  resistance  in  the  lamp  circuit.  It 
being  a  shunt-wound  machine,  the  current  will  be  properly 
apportioned  to  the  externa!  and  internal  circuits  in  accord- 
ance with  the  resistance  offered  by  the  external  circuit. 
When  only  a  single  lamp  is  in  operation,  the  resistance  will 
be  only  one  and  one  half  ohms,  as  already  stated,  conse- 
quently the  current  will  be  divided  in  proportion  to  the 
resistance  of  the  external  and  internal  circuits,  so  that  very 
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little  current  will  pass  through  the  field-magnet  circuit,  and 
the  electro-motive  force  will  be  proportionately  small ;  but 
when  the  resistance  of  the  external  circuit  is  increased  by  the 
switching  in  of  additional  lamps,  more  of  the  current  will  be 
diverted  to  the  field  magnet,  thereby  increasing  its  strength, 
consequently  raising  the  electro-motive  force. 

Fig.  511  shows  a  number  of  arc  lamps  in  series.  The 
lamp  resistance  of  this  circuit  is  in  direct  proportion  to  the 
number  of  lamps  switched  in  at  any  time. 

Fig.  511. 


Diagram  of  Arc  Light  Circuit. 


In  this  diagram  the  external  circuit,  AA,  including  the 
lamps,  proceeds  from  the  binding  posts,  which  are  directly 
connected  with  the  commutator  brushes  by  wires,  bb.  The 
terminals  of  the  field  magnet  wire  are  connected  with  the 
binding  posts  by  wires,  aa.  It  will  thus  be  seen  that  the 
current  taken  by  the  brushes  from  the  commutator  is  divided 
at  the  binding  posts,  passing  from  one  brush  through  the  two 
routes  open  to  it  and  returning  to  the  other  brush. 

The  field-magnet  circuit  is  interrupted  between  the  two 
upper  coils  and  wires,  B,  connected  with  the  coil  terminals 
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and  with  the  rheostat.  This  arrangement  permits  of  in- 
troducing  any  required  amount  of  resistance  in  the  field 
magnetic  circuit,  thus  controlling  the  E*  M.  F,  of  the 
machine. 

The  Weston  dynamo  is  also  perfectly  adapted  to  incan- 
descent lighting.  With  a  constant  speed  the  regulation  of 
the  current  is  automatic. 


INCANDESCENT   LIGHTING. 

The  arc  light  is  specially  adapted  to  the  illumination  of 
streets  and  large  open  or  closed  areas ;  but  it  cannot  be  suc- 
cessfully applied  to  lighting  in  a  small  way  like  gas  or  oiL 
The  incandescent  system  permits  the  subdivision  of  the 
current,  and  consequently  of  the  light »  to  any  degree. 

While  lighting  by  incandescence  had  been  the  subject 
of  much  thought  and  experiment  by  different  inventors, 
undoubtedly  Mr.  Edison  was  the  first  to  produce  a  commer- 
cially successful  system  of  incandescent  lighting.  The  suc- 
cess of  the  system  depends  upon  two  principal  features,  the 
vital  one  being  the  high  resistance  lamp,  by  means  of  which 
any  degree  of  subdivision  of  the  current  is  rendered  pos- 
sible ;  the  other  being  the  system  of  electric  distribution 
by  W' hich  the  current  is  furnished  as  required  to  each  lamp. 
The  construction  of  the  lamp  is  clearly  shown  in  Fig.  512,  in 
which  parts  are  broken  away  to  show  the  internal  construc- 
tion. The  description  of  the  several  parts  of  the  lamp 
appears  on  the  page  with  the  illustration.  The  glass  globe  is- 
exhausted  so  as  to  remove  as  nearly  as  possible  all  of  the  air, 
thus  preventing  the  burning  of  the  carbon.  The  filament 
which  yields  the  light  consists  of  a  carbonized  strip  of 
bamboo  of  the  size  of  a  horse  hair.  The  diameter  and 
length  of  the  filament  varies  with  the  candle  power  required 
and  with  the  strength  and  voltage  of  current  used  to  operate 
the  lamp*  The  standard  16  candle  power  lamp  when  hot 
has  a  resistance  of  168  ohms  and  requires  a  current  having- 
an  E.  M,  F.  of    100  volts;  and,  according  to   Ohms  law 

(E            V    100  6 

—  =-  C  \, —  0595,  or  about  —  ampere.      In  practice 
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This  amount  divided  among  500  lamps  =  '5882  ampere  pei 

10 
lamp,  equivalent  to  — ■,  as  in  the  case  of  the  single  lamp.     It 

17 
is  thus  seen  that  with  a  constant  electro-motive  and  a  current 
of   varying  strength   any  number  of  lamps  within  certain 
limits  may  be  operated  on  the  same  circuit. 

The  Edison  dynamo  shown  in  Fig.  513  has  a  drum  arma- 
ture much  like  that  of  the  Weston  machine.  It  differs  how- 
ever from  that  armature  in  having  an  odd  number  of  com- 
mutator bars  and  in  having  an  armature  core  built  up  oi 

Fig    514, 
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Edison's  System  of  Regulatiag, 


thin  disks  of  soft  iron  insulated  from  the  shaft  and  separated 
from  each  other  by  paper. 

Fig,  514  illustrates  the  method  of  regulating  the  Edison 
dynamo.  The  machine  is  shunt-wound,  and  a  variable 
resistance^  R,  is  introduced  into  the  field,  magnet  circuit. 
Whenever  the  current  rises  or  falls  below  the  normal,  the 
switch  arm  of  the  rheostat  is  moved  by  hand  in  one  direction 
or  the  other,  thus  controlling  the  excitation  of  the  field 
magnet. 

In  this  diagram  (Fig.  514)  is  shown  the  old  method  of 
connecting  the  lamps,  L,  in  the  external  circuit     Each  lamp 
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is  connected  with  both  of  the  main  conductors  or  with  wires 
connected  with  the  main  conductors.  When  connected  in 
this  way  they  are  in  parallel  circuit,  and  in  this  case  when 
one  lamp  fails  the  others  are  not  affected.  Where  several 
lamps  are  connected  in  series  and  the  series  are  connected  in 
parallel,  if  one  lamp  of  a  series  should  fail,  the  other  lamps  of 
the  series  would  be  useless  without  some  device  for  auto- 
matically throwing  into  the  circuit  a  resistance  equivalent  to 
that  of  a  lamp,  thus  maintaining  the  same  resistance  in  the 
circuit. 

When  the  Edison  electric  circuit  is  arranged  as  shown  in 

Frt;    515- 


©©©©©© 


ctr^7  + 


jy' 


©  ©  ©  © 


Edison  Three-Wire  System* 

Fig.  514,  the  conductors  to  carry  the  current  economically 
must  necessarily  be  large,  and  there  is  a  relation  between 
the  cost  of  copper  in  the  circuit  and  the  waste  of  energy 
in  overcoming  resistance  which  cannot  be  disregarded. 
The  first  cost  of  conductors  is  a  large  item  in  incandescent 
lighting.  In  some  circuits  there  is  economy  in  reducing  the 
size  of  the  conductor  and  increasing  the  current  In  the 
three-wire  system  illustrated  in  Fig.  515  a  saving  of  67-5  per 
cent,  in  copper  is  made.  Two  dynamos,  D^  D%  are  re- 
quired. The  negative  terminal  of  dynamo»D^,  is  connected 
with  the  positive  terminal  of  the  dynamo,  D*,  by  the  wire, 
a.    These  conductors  are  connected  with  the  two  dynamos 
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as  follows :  Conductor,  if,  is  connected  with  the  positive 
brush  of  dynamo,  D'  ;  conductor,  r,  is  connected  M'ith  the 
wire,  a,  and  conductor,  d,  is  connected  with  the  negative 
brush  of  dynamo,  D-  ;  a  number  of  lamps,  L,  are  connected 
with  the  conductors,  ^,  c,  and  lamps,  LS  are  connected  with 
the  conductor,  r.  d.  The  central  conductor,  r,  acts  as  a  re- 
turn for  the  first  dynamo  and  a  lead  for  the  second 
dynamo.  When  the  number  of  lamps  between  the  con- 
ductors, i,  r,  and  r,  r/,  is  equal,  no  current  passes  along 
Fig.  516,  the     conductor,     r, 

either  from  or  toward 
the  lamps  or  dynamos, 
and  under  these  cir- 
cumstances  the  con- 
ductor, r,  might  be 
disconnected  from  the 
dynamos  wthout  in 
any  way  affecting  the 
results;  but  when  the 
two  groups  of  lamps 
differ  in  number,  the 
difference  of  current 
will  be  carried  by  the 
central  or  compensat- 
ing conductor. 

When  tw*o  dynamos 
are  combined  on  this 
plan,  these  conductors 
take  the  place  of  four 
connected  up  according  to  the  two*wire  system. 

The  amount  of  current  used  by  each  consumer  is  meas- 
ured by  the  current  meter  shown  in  Fig,  516.  The  ap* 
paratus  is  dependent  upon  electrolytic  action.  Two  glass 
cells  placed  in  the  meter  casing  contain  zinc  sulphate  in 
^ution.  In  each  cell  are  immersed  two  amalgamated 
2dnc  plates,  each  pair  being  connected  up  in  a  shunt  to  the 
main  circuit.  These  connections  are  arranged  so  that 
y^  of  the  main  current  passes  through  one  cell,  and  one 
tenth  of  this  amount,  or  xyiiy^r  ^^  *^he  whole  current,  passes 
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rcmovrti  jhit!  weighed  monthly  by  an  inspector,  while  the 
corrt'KjKJtuiin^  phitc  of  the  high  resistance  circuit  is  re- 
moved k'HH  frequently  and  weighed  by  another  inspector^ 
thus  ^iiardin^  a^ain*^t  mistakes.  The  meter  is  provided  witk 
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an  electric  lamp,  arranged  in  the  lower  part  of  the  casing, 
and  with  a  thermostat  which  completes  the  electrical  cir- 
cuit through  the  lamp  when  the  temperature  of  the  meter 
falls  below  the  prescribed  limit.  The  incandescent  carbon 
furnishes  the  heat  required. 

In  Fig.  517  is  illustrated  the  interior  of  the  Edison  cen- 
tral lighting  station  at  Harrisburg,  Pa.  The  dynamos  are 
driven  by  belts  directly  from  the  fly-wheels  of  high-speed 
engines.  In  some  lighting  stations,  dynamos  very  much 
larger  than  those  here  shown  are  employed.  Their  arma- 
tures are  mounted  upon  the  crank  shafts  of  high-speed 
engines.  Some  of  these  armatures  weigh  over  four  tons 
and  require  130  horse  power  each  to  drive  them. 

ALTERNATING   CURRENT   SYSTEM. 

In  this  system  the  lamps  are  supplied  with  a  secondary 
alternating  current  produced  in  an  induction  coil  by  a  pri- 
mary current  from  an  alternating  dynamo.  The  primary 
current  has  an  electro-motive  force  of  1,000  to  1,100  volls, 
while  the  secondary  current  has  an  electro-motive  force  of 
only  50  volts.  The  induction  coil  used  to  convert  currents 
of  high  E.  M.  F.  to  currents  of  low  E.  M.  F.  has  received 
different  names  in  different  systems.  In  one  it  is  a  second- 
ary generator,  in  another  a  transformer,  and  in  another — the 
one  here  described — it  is  known  as  a  converter. 

The  current  of  high  E.  M.  F.  may  be  economically  trans- 
mitted to  points  far  distant  from  the  generating  station, 
where  they  may  be  used  to  induce  currents  of  lower  E.  M. 
F.  adapted  to  incandescent  lighting. 

The  Westinghouse  system,  which  is  illustrated  in  the 
accompanying  engravings,  has  been  largely  introduced, 
both  in  this  country  and  Europe.  The  dynamo  used  in  this 
system  is  the  invention  of  Mr.  Stanly.  It  is  shown  in  Figs. 
518  and  519,  the  first  being  a  side  elevation,  ihe  second  a 
front  sectional  elevation. 

Upon  the  bed  plate.  A,  is  adjustably  mounted  the  frame, 
B*,  of  the  field  magnet.  This  may  be  moved  longitudinally 
on  the  base  by  means  ot  the  screw,  r,  provided  with  the 
handwheel,  C.     Sixteen  magnet   cores,/,  project  inwardly 


The  core  of  the  armature  of  this  machine  consists  of 
a  cylinder  built  up  of  disks  of  thin  sheet  iron,  insulated  from 
each  other  and  clamped  firmly  together.  Around  the  cir- 
cumference of  the  cylindrical  core  are  arranged  flat  coils  of 
wire,  one  layer  deep.  These  coils  are  thoroughly  insulated 
from  the  core  and  provided  on  the  outer  side  with  an  insu- 
lating covering  of  mica. 
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The  ends  of  these  coils  bend  down  over  the  sides  uf  the 
core  and  are  clamped  by  annular  plates.  The  coils  are  con- 
fined in  position  on  the  periphery  of  the  armature  by  wind- 
ings of  piano  wire. 

The  arrangement  of  the  coils  of  the  armature  is  shown 
diagrammatically  in  Fio^.  520.  It  will  be  seen  that  the  coils 
are  wound  alternately  in  opposite  directions,  and  that  there 

Fig.  519. 
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Front  Elevation  of  Dynamo* 

are  only  two  terminals  for  the  entire  series  of  coils.  These 
are  connected  with  two  rings  carried  by  the  armature  shaft, 
but  insulated  from  it  and  from  each  other.  A  collector 
brush  touches  each  ring.  The  conductors  that  convey  the 
current  are  connected  with  these  brushes.  As  the  armature 
coils  approach  the  magnet  poles  a  current  is  set  up  in  them 
in  one  direction,  which  is  reversed  as  the  coils  leave  the 


20 


EXPERIMENTAL    SCIENCE. 


magnet  poles  and  approach  the  next  poles  of  the  series,, 
which  are  of  a  different  name.  These  reversals  of  the  cur- 
rent occur  with  great  rapidity.  The  converter,  which  is  the 
essential  feature  of  the  system,  is  shown  in  one  form  in  Fig. 
521.  This  is  a  reversed  induction  coil,  /.  r.,  its  primary  wire 
is  small  and  of  great  length,  while  its  secondary  is  large  and 
comparatively  short. 

This  converter  is  formed  of  two  oblong  coils  of  insulated 
wire  in  which  are  inserted  the  tongues  of  E-shaped  pieces  o£ 

Fig.  520. 


Diagram  of  Armature  Coils  and  Connections. 

sheet  iron  from  ()[)p()sitc  sides  of  the  coil,  so  that  the  parallel 
arms  of  the  lis  overlap  each  other  within  and  without  the 
coil.  A  more  recent  arrangement  of  the  iron  plates  is  shown 
in  V']^.  522,  which  is  a  tranvcrse  section  of  the  converter 
now  used.  The  plates  arc  formed  of  a  single  piece,  with  the 
centrai  tonj^iic  separated  by  slits,//.  The  wings, /3 /^,  thus 
former]  arc  \)Ct]l  backward  toward  the  ends  of  the  plate 
whilr-  it  is  bfring  inserted  in  its  place  in  the  coil.  They  are 
aftcrwarfl  n^tiirncd  to  their  original  position. 
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These  plates  alternate  in  position  so  as  to  "  break  joints." 
All  plates  used  in  converters  are  covered  upon  one  side 
with  paper  to  prevent  the  circulation  of  Foucault  currents 
in  the  core. 

The  converter  is  contained  in  a  water-tight  cast-iron  box, 
as  shown  in  Figs.  523  and  524.     The  terminals  of  both  coils, 

Fio.  «;2i. 


The  Convener. 

P  S,  are  provided  with  fusible  strips,  ^,  for  protecting  the 
circuits,  and  with  plug  switches,  //  /,  for  connecting  and  dis- 
connecting the  wires.  The  fusible  strips  and  switches  are 
protected  by  both  glass  and  metal  covers. 

The  converters  are    commonly    made    in    three   sizes, 
adapted  to  supply  40,  30  or  20,  50-volt,  i6-candle  incandes- 
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cent  lamps  each.  Larger  and  smaller  converters  have  been 
made.  It  is  stated  that  the  efficiency  of  these  converters 
exceeds  95  per  cent,  when  the  E.  M.  F.  is  reduced  from  i,ooa 
volts  in  the  primary  tr>  50  in  the  secondary  or  lamp  circuit. 

The  ratio  iy{  the  number  of  turns  of  wire  in  the  primary 
to  the  number  of  turns  of  wire  in  the  secondary  should  be  as 
the  E.  M.  F.  of  the  primary  to  the  E.  M.  F.  of  the  secondary. 

For  example,  if  the  E.  M.  F.  of  the  primary  is  500  volts 
and  the  E.  Al.  t.  of  the  secondary  is  required  to  be  sovolts^ 

Fig    522. 
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Cross  Section  of  Converter. 


the  primary  will  rcciuirc  ten  times  as  many  convolutions  as 
the  secondary. 

The  relative  arrangement  of  the  i)rimary  coil,  P,  second- 
ary coil,  S,  the  dynamo,  D,  and  lamps,  L,  is  shown  diagram- 
matically  in  Fig.  525. 

In  actual  practice  the  converters  arc  arranged  near  the 
building  to  be  illuminated,  on  the  poles  which  support  the 
line  wires,  as  shown  in  Fig.  526,  or  they  may  be  placed  on 
the  wall  of  the  building,  in  the  cellar,  or  in  any  other  conve- 
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The  lamps  used  in  connection  with  this  system  are  similar 
to  that  shown  in  Fig.  512;  but  in  this  case  the  high  resist- 
ance filament  is  heated  to  incandescence  by  a  rapidly  alter- 
nating current  instead  of  a  direct  current. 

THE   STORr^GE   BATTERY   SYSTEM. 

An  important  method  of  distributing  the  electric  current 
for  illumination  and  other  purposes  is  that  in  which  storage 
or  secondary  batteries  are  employed.  In  one  respect  this 
system  has  the  advantage  over  all  others,  i.  e.,  in  having  a 

Fig.  526. 


Diagram  of  Lighting  Circuits. 

reserve  of  electrical  energy  which  is  available  at  any  time 
without  dependence  upon  machinery  of  any  sort. 

A  storage  battery  cell  is  a  chemical  source  of  electric 
energy  of  such  a  composition  that,  when  exhausted  by  its 
direct  action  upon  any  translating  device,  such  as  an  electric 
light,  it  can  be  regenerated  or  brought  back  to  its  former 
condition,  by  the  direct  action  upon  itself  of  an  independent 
source  of  electric  energy. 

There  is,  in  reality,  n(j  such  thing  as  the  storage  of  elec- 
tricity, but  what  really  takes  place  is  a  storage  or  accumu- 
lation of  chemical  energy  or  power  for  doing  chemical  work, 
electrical  manifestations  being  one  of  the  results  of   such 
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chemical  work.  A  storage  cell  is  one  in  which  such  chemical 
energy  can  be  stored  up  by  electrical  action,  and  which  will 
yield  an  electric  current  when  such  chemical  energy  is 
permitted  to  do  work.  An  aggregation  of  cells,  called  a  sec- 
ondary or  storage  battery,  affords  another  means  for  the 
extended  and  economical  distribution  of  electricity,  and  a 
system  using  such  a  battery  as  a  source  of  electric  energy 
may  properly  be  called  a  storage  system.  It  consists  in  its 
simplest  form  of  a  generator  of  electricity,  a  set  of  storage 
cells  or  battery,  and  suitable  translating  devices  such  as 
electric  lamps.  The  battery  is  acted  upon  by  the  generator 
of  electric  energy  until  it  is  charged  or  until  it  is  put  in  a 
condition  to  do  chemical  work.  The  generator  may  be 
quite  weak  and  irregular  in  action,  and  the  time  taken  to 
act  upon  the  storage  cells  may  be  of  long  duration,  but 
sooner  or  later  the  battery  will  be  charged  or  stored,  when 
it  is  ready  to  give  up  in  its  turn  electric  energy. 

The  charging  current  is  discontinued  and  the  battery 
connected  with  the  translating  devices  and  allowed  to  do 
electric  work  until  exhausted,  when  the  cycle  of  operations 
just  described  is  repeated,  and  this  may  be  continued  indefi- 
nitely. 

It  will  readily  be  seen  that  by  this  means  any  source  of 
power,  no  matter  how  weak  or  intermittent,  may  be  made 
use  of  to  store  up  chemical  energy  in  such  a  way  that  it  can 
be  made  a  powerful  and  steady  electric  current,  which  is 
ready  for  instant  use  at  any  time.  These  operations  may 
take  place  at  widely  separated  places,  the  generator  being 
at  one  place,  the  battery  at  another,  and  the  translating 
devices  at  another ;  these  separate  parts  being  located  where- 
ever  most  desirable  or  convenient.  Such  a  system  as  this 
admits  of  great  flexibility,  and  can  be  used  under  very 
adverse  circumstances,  where  other  and  more  direct  systems 
would  be  practically  useless.  In  actual  practice  such  a  sys- 
tem consists  generally  of  a  central  generating  station,  fur- 
nished with  the  necessary  electric  generators,  which  may  be 
of  any  approved  form,  suitable  for  the  charging  of  storage 
batteries.  Here  also  are  located  the  boilers  and  engines  and 
all  the  apparatus  used  in  controlling  and  governing  the  dis* 
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tribution  of  the  electric  current.  At  this  point  all  the  dis- 
tributing^ circuits  center  at  a  common  switchboard.  The 
station  also  contains  the  automatic  regulators  and  safety 
devices.  From  this  point  the  charging  circuits  lead  to  the 
stora^^e  batteries  at  different  places.  These  may  be  at  any 
point  where  it  is  desired  to  use  the  electric  current  and  at 
any  distance  from  the  generating  station.  They  may  be 
located  in  any  convenient  position  in  the  cellar  of  the  build- 
ings or  outside  in  the  yards*  or»  in  fact,  wherever  it  is  most 
convenient  to  place  them. 

THE   NEW   EDISON   STORAGE   BATTERY. 

Probably  no  invention  of  recent  years  is  of  such  vast 
electrical  importance  as  the  new  accumulator  which  Thomas 
A.  Edison  has  added  to  our  store  of  electrical  devices. 
Through  the  courtesy  of  the  inventor  we  were  enabled 
to  examine  the  battery,  to  prepare  the  drawings  which 
accompany  the  present  article,  and  to  give  some  additional 
information  which  may  prove  of  interest. 

For  the  new  cell  an  absence  of  deterioration  is  claimed 
which  has  never  been  characteristic  of  the  most  approved 
lead  batteries.  Its  storage  capacity  per  unit  of  mass  is  said 
to  be  unusually  large.  The  time  required  for  charging  and 
discharging  is  exceedingly  short.  To  these  merits  must  be 
adrled  cheapness  in  manufacture  and  durability.  The  neg- 
ative pole  or  positive  element  and  the  positive  pole  or  neg- 
ative element  are  both  similar  in  C(Mistruction  and  respect- 
ively c«»mp()scd  of  iron  and  superoxide  of  nickel.  When 
placed  in  their  containing-cell  the  plates  are  separated  by 
sheets  of  gutta  ])ercha.  The  electrolyte  of  this  nickel-iron 
battery  is  a  solution  of  potassium  hydroxide.  Each  plate 
consists  of  a  sneet  of  steel, 0.024  inch  in  thickness, perforated 
so  as  to  form  a  grid  with  rectangular  holes,  as  shown  in  Fig. 
528.  In  each  opening  of  the  grid  a  pocket  or  shallow  box. 
Fig.  <fV),  contaiinng  the  active  material  is  placed.  In  order 
tr)  enable  the  electrolyte  to  reach  the  active  material,  the 
boxen  or  pockets  are  perforated  with  many  holes  so  as  to 
form  a  kni«l  of  screen,  which  although  it  conceals  the  active 
material,  permits  the  free  entrance  of  the  electrolyte. 


tPERI  MENTAL     SCIENXE. 


The  boxes  or  pockets  consist  of  perforated  crucible  steel 
cot  from  a  long  strip  0.003  inch  thick.  To  fit  these  boxes 
the  active  material  is  hydraulically  compressed  in  the  form 
of  briquettes* 

The  positive  briquettes  are  composed  of  a  finely-divided 
compound  of  iron  and  a  nearly  equal  volume  of  thin  flakes 
of  graphite.  The  negative  briquettes  are  composed  of  a 
finely-divided  compound  of  nickel  and  an  equal  quantity  of 
fine  flakes  of  graphite.  In  both  plates  the  graphite  does 
not  enter  into  any  of  the  chemical  actions,  but  merely  assists 
the  conductivity  of  the  briquettes.  The  iron  and  nickel 
compounds  used  arc  obtained  by  special  chemical  processes* 

Each  briquette  when  placed  in  its  box  is  covered  by  a 
lid  fitted  over  the  box  or  pocket,  so  that  the  briquette  is 
closely  enveloped  on  all  sides.  Thus  prepared,  the  boxes 
are  placed  in  the  openings  or  holes  of  their  respective  grids; 
and  the  assembled  plates  are  thereupon  subjected  to  a 
hydraulic  pressure  of  some  100  tons  in  order  to  close  the 
boxes  and  to  force  their  metal  sides  over  the  adjacent  sides 
of  the  recesses  of  the  steel  grid,  A  single,  solid  steel  plate 
is  thus  produced.  Both  grids  and  boxes  are  nickel-plated 
in  order  to  secure  a  good  electrical  connection  between 
them.  At  any  point  the  maximum  grid  thickness,  after 
hydraulic  pressure  has  been  applied,  is  0.024  inch,  the  pocket 
thickness  being  0,1  inch*  The  cell  in  which  the  assembled 
plates  arc  contained  is  composed  of  sheet  steel  containing 
the  potash  solution. 

The  charging  current  deoxidizes  the  iron  compound  to 
spongy  metallic  iron  and  conveys  oxygen  through  the  elec- 
tnilytc  to  the  nickel  compound^  forming  a  hyperoxide  of 
nickel.  In  discharging,  the  current  passes  from  the  positive 
pole  and  through  the  external  circuit  to  the  negative  pole 
and  its  attaclird  imn  or  positive  plate,  and  then  through  the 
•iitulion  to  tl)c  superoxide  plate,  causing  the  oxygen  to 
move  back  against  the  current  and  partially  to  reduce  the 
nickel  to  i^upcroxide,  and  to  oxidize  the  spongy  iron, 

Kince  the  potash  solution  theoretically  serves  as  a  con- 
veyor tnr  the  oxygen,  the  anKuuit  of  solution  required  is 
menly  that  which  is  iuHicicnt  to  wet  the  negative  material 
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The  plates  are  hence  packed  as  closely  together  as  possible, 
because  there  will  be  less  resistance  and  less  weight. 

The  initial  voltage  of  the  discharge  is  1.5  volts;  the 
mean  voltage  of  full  discharge  is  approximately  i.i  volts. 
The  storage  capacity  of  the  cell  per  unit  of  total  mass  is 
14  watts  per  pound,  or  30.85  watt  hours  per  kilo.  The 
mean  normal  discharge  of  the  power -weight  per  unit  mass 
of  total  cell  is  4  watts  per  pound,  or  8.82  watts  per  kilo, 
corresponding  with  a  normal  discharge  period  of  3^  hours. 
At  a  high  rate,  however,  a  cell  can  be  discharged  in  about 
one  hour.  Charging  and  discharging  rates  are  the  same. 
Overcharging  or  discharging  affects  only  the  electrical 
efficiency.  No  active  material  is  ejected  from  the  bri- 
quettes  even  under  deliberate  overcharging  and  discharg- 
ing.    Whatever  gas  is  produced  appears  externally. 

Changes  of  temperature  seem  to  have  no  effect  upon  the 
cell.  The  electrolyte  does  not  corrode  any  of  the  parts. 
The  electromotive  force  being  below  that  necessary  to 
decompose  water,  no  local  action  apparently  occurs.  Mr. 
Edison  claims  that  a  charged  or  discharged  negative  nickel 
plate  can  be  removed  from  the  working  cell  and  dried  in 
the  air  for  a  week,  apparently  without  injury,  and  that  when 
restored  its  charge  seems  practically  undiminished.  On 
the  other  hand,  the  positive  iron  plate  if  subjected  to  sim- 
ilar treatment  soon  loses  its  charge  by  the  oxidation  of  the 
spongy  iron,  with  a  liberation  of  heat  and  an  appreciable 
rise  in  temperature.  When  replaced,  however,  in  the  cell, 
the  storage  capacity  of  the  plate  is  unaffected  on  recharge. 
According  to  Dr.  Kennelly's  paper  read  before  the  Amer- 
ican  Institute  of  Electrical  Engineers,  Mr.  Edison  hopes  to 
manufacture  the  new  cell  at  a  cost  which  will  not  exceed 
that  of  the  lead  battery. — Scientific  American, 
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CHAPTER     IL 

INT>UCTH)N  BV    ELEi  TRIG    CURRENTS. 

THE  iNiriM  rmx  coil. 

Faraday  discovered  in  1832  that  a  galvanic  current  was 
capable  of  inducing  other  currents  in  wires  near  but  not  in 
contact  with  the  conductor  of  the  primary  galvanic  current; 
these  he  named  currents  of  induction,  or  induced  currents. 

Since  the  discovery  of  Faraday,  the  phenomena  of  in- 
duction have  been  exhibited  by  many  forms  of  apparatus; 
but  the  most  striking  example  of  inductive  action  is  afforded 
by  the  induction  cuil,  or  inductorium. 

In  Fig.  448  is  illustrated  a  method  of  producing  currents 
in  a  coil  by  inserting  a  permanent  magnet  into  the  coil  and 
removing  it  tlierefrom.  In  the  induction  coil  an  electro- 
magnet is  arranged  permanently  within  a  coil  of  fine  wire> 
and  the  inductive  eftect  is  secured  by  intermitting  the  cur- 
rent in  the  conductor  of  the  electro-magnet  The  conduc- 
tor of  the  electro-magnet  is  known  as  the  primary  coil,  and 
the  fine  wure  coil  inclosing  the  primary  is  known  as  the  sec- 
ondary coih 

There  are  two  methods  of  making  an  induction  coil  ;  the 
simpler,  cheaper,  and  perhaps  the  best  will  be  described  in 
connection  with  the  accompanying  engravings,  which,  with 
the  exception  of  Fig.  532,  are  exactly  three-eighths  actual 
size,  and  may  be  used  as  working  drawings  from  which  to 
construct  the  instrument.  Fig,  530  is  a  plan  view.  Fig,  531 
is  a  central,  vertical  longitudinal  section.  Fig.  532  repre- 
sents the  under  side  of  the  base,  in  plan,  and  the  condenser 
in  perspective,  and  shows  the  connections. 

The  coil  consists  of  two  portiims,  the  inner  or  primary 
and  the  outer  or  sectmdary.  The  primary  coil,  C,  consists  of 
two  layers  of  No.  16  cotton-covered  copper  wire,  w^hich  is 


3^ 


EXPHKIMKNTAL    SCIENCE. 


wound  Upon  a  spoo!  composed  of  the  thin  paper  or  wooden" 
tube,  A^  and  the  heads,  BB,  which  are  of  vulcanite  or  well 
varnished  hard  wood.  The  tube  is  i  inch  internal  diameter, 
anc^  the  heads  have  each  a  central  hole  of  the  same  size. 
These  holes  are  enlarged  or  counterbored  to  receive  the  ends 
of  the  tube,  A,  which  are  glued  or  cemented  therein.  In 
the  head,  B\  there  are  two  small  h(*!es  near  the  large  cen- 
tral hole,  for  the  terminals*  r  t/,  of  tlie  primary  coil  One 
of  these  terminals  is  put  through  the  head  before  the  wind- 
ing operation  is  begim  ;  the  other,  after  the  winding  is 
finished. 

The  primary  coil  must  now  receive  four  coats  of  mode- 
rately thick  alcoholic  shellac  varnish,  each  coat  beingallowed 
to  become  dry  before  another  is  applied.  When  the  pri- 
mary ccjil  has  become  thonmghly  dry  and  hard,  it  is  cov- 
ered with  three  or  four  layers,  D,  of  stout  cartridge  paper, 
which  is  fastened  by  a  little  gum  along  its  outer  edge.  This 
paper  covering  must  tit  between  the  heads,  BB',  perfectly^ 
and  must  be  well  smoothed  and  rounded,  and  varnished  with 
shelhic,  taking  care  to  cover  the  joints  at  the  ends,  and  also 
to  varnish  the  inner  faces  of  the  heads.  The  secondary 
coil,  E,  consists  of  two  sections  separated  by  an  insulating 
medium,  G,  which  is  ap]jlietl  in  the  manner  presentW  to  be 
described.  The  coil,  E,  is  of  No,  36  naked  copper  wire; 
the  two  sections  being  connected  at  H. 

The  winding  is  best  done  in  an  engine  lathe,  the  wire 
being  alh)wed  to  pass  through  a  fine  guide  in  the  tool  post. 
and  the  screw-cutting  gear  of  the  lathe  being  set  as  for  cut- 
ting a  very  fine  thread.  The  different  convolutions  of  the  wire 
should  be  as  near  together  as  possible  without  touching. 
To  accomph'sh  the  same  thing  in  an  ordinary  foot  lathe,  a 
piece  of  quite  thin  brass  should  be  bent  together  in  a  U  form, 
and  the  wire  shouhi  be  allowed  to  pass  through  the  channel 
tlius  formed;  the  thickness  of  the  metal  will  regulate  the 
flpucc  between  the  adjacent  coils  of  wire.  The  winding 
begins  at  the  midtlle,  leaving  the  terminal,  H.  When  one 
of  the  heads  is  reached,  the  coi!  or  layer  formed  is  ct)vcred 
with  three  thicknesses  of  quite  thin  writing  paper,  the  edge 
of  which  is  fastened  with  a  Httle  gum.     The  winding  of  the 
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fine  wire  is  now  continued  toward  the  center  of  the  coil ; 
when  the  second  layer  is  complete,  it  is  covered  as  in  the 
case  of  the  first  coil,  when  the  third  is  wound  on,  and  so  on 
until  it  is  about  3|  inches  in  diameter.  The  secondary  wire 
should  not  be  wound  close  to  the  head,  a  space  of  about  ^  s 
inch  should  be  left  After  winding  one  of  the  sections  of 
the  secondary  coil»  the  other  may  be  proceeded  with,  the 
winding  being  done  so  that  one  section  may  be  wound  as  a 
-continuation  of  the  other.  The  inner  terminals  are  con- 
nected at  H,  and  soldered ;  the  outer  terminals  are  con- 
nected with  the  binding  posts,  F,  which  are  screwed  into  the 
upper  edges  of  the  heads,  BB\  For  the  sake  of  strength 
the  outer  ends  of  the  secondary  wire  may  be  four  or  six 
sizes  larger  than  that  of  the  coil.  The  outer  layers  of  fine 
wire  are  each  partly  covered  with  a  paper  band,  consisting 
of  six  layers  of  writing  paper,  which  is  wide  enough  to 
reach  from  the  head  over  about  two-thirds  of  the  coil  sec- 
tion ;  the  whole  is  then  enveloped  in  a  wrapper  of  stout 
paper,  having  a  hole  directly  in  the  middle  at  the  top, 
through  which  is  poured  melted  resin  to  which  has  been 
added  a  very  small  quantity  of  beeswax. 

This  forms  the  insulating  medium,  G,  which  prevents  the 
spark  from  leaping  from  one  section  of  the  coil  to  the  other. 
After  the  resin  cools,  the  thick  paper  is  removed  and  a  cov- 
ering of  smooth  heavy  paper  is  neatly  put  around  the  coil, 
and  upon  it  is  wound  as  closely  together  as  possible  com- 
mon smooth-finished  black  thread.  This  latter  is  not  essen- 
tial, of  course,  but  gives  the  coil  an  excellent  appearance 
and  forms  a  really  good  covering.  A  thin  sheet  of  hard 
rubber  or  of  zylonite  forms  a  good  coven 

In  the  tube.  A,  is  placed  a  bundle,  I,  of  No.  iS  soft  iron 
wires.  They  should  be  straight  and  of  the  same  length,  and 
their  outer  ends  esjjccially  should  be  exactly  even.  The  cen- 
tral hole  in  the  head,  B,  is  stopped  by  a  wooden  plug  or  but- 
ton, J.  The  base,  K,  consists  of  a  wooden  box,  neatly  made, 
and  the  size  of  which  may  be  readily  obtained  from  the 
engravings.  The  coil  is  secured  to  the  top  of  the  box,  a  lit- 
tle nearer  one  end  than  the  other,  by  two  screws,  a  ^,  which 
paw  upward  into  the  heads,  BB'.     Near  the  head,  B',  there 


INDUCTION    BY    ELECTRIC    CURRENTS.  35 

is  a  brass  standard,  ^,  to  which  is  secured  one  end  of  the 
spring,/,  that  supports  the  armature,/',  exactly  opposite  the 
center  of  the  wire  bundle,  I,  and  about  %  inch  distant  from 
it  Opposite  the  middle  of  the  spring,  /,  and  }i  inch  from 
it,  there  is  a  post,  «,  through  which  passes  the  platinum 
pointed  screw,  ^,  which  touches  a  small  platinum  plate, 
riveted  to  the  Ciinter  of  the  spring,/.  The  post,  «,  is  split 
longitudinally,  and  clamps  the  screw,  ^,  with  some  httle 
pressure,  to  prevent  it  from  jarring  loose  by  the  vibrations 
of  the  spring,  /. 

The  commutator,  L,  consists  of  a  vulcanite  cylinder  on 
which  are  screwed  two  copper  bais,  ////,  one  of  the  screws 
of  the  bar,  /,  coming  into  contact  with  the  pivot,  g,  and  one 
of  the  screws  of  the  bar, ;;/,  coming  into  contact  with  the 
pivot,  //.  The  pivots,  g  //,  turn  in  posts,  i  j\  which  spring 
against  the  shoulders  of  the  pivots  to  insure  a  perfect  con- 
tact. The  pivot,  h,  is  elongated  and  provided  with  a  vul- 
canite handle,  k.  The  binding  posts,  r  s,  are  connected  by 
copper  springs,  /  ^,  with  the  copper  bars  on  the  vulcanite 
cylinder. 

In  the  base  of  the  instrument  is  placed  the  condenser,  M, 
which  is  composed  of  sheets  of  thin  tin  foil  alternating  in 
position,  as  shown  in  Fig.  532 — ^the  ends  of  the  sheets,  O, 
projecting  beyond  the  sheets,  P,  to  the  right,  the  ends  of  the 
sheets,  P,  projecting  beyond  the  sheets,  O,  to  the  left  The 
sheets,  O,  are  insulated  from  the  sheets,  P,  by  sheets  of 
paper,  N,  which  have  been  coated  with  shellac  varnish  and 
well  dried.  While  the  sheets,  O,  do  not  touch  the  sheets,  P, 
the  latter  are  all  connected  together  at  one  end,  and  are  in 
electrical  connection  ^^^th  the  wire,  Q.  Similarly  the  sheets, 
O,  are  connected  with  the  wire,  R. 

A  piece  of  pasteboard,  z\  is  placed  upon  each  side  of  the 
condenser  thus  formed,  and  the  whole  is  fastened  together 
by  tape  running  around  it  in  two  directions,  and  the  con- 
denser is  held  in  place  by  bits  of  cork,  zv,  which  are  pressed 
by  the  bottom,  X,  when  it  is  in  its  place.  The  condenser 
has  forty  square  feet  of  tin  foil  surface.  The  connections 
are  made  as  follows: 

The  battery  wires  are  connected  with  the  binding  posts, 
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r  y,  the  current  passes  through  the  springs,  /  q^  bars,  /  m^, 
pivots,  g  //,  to  the  posts,  i  J.  The  post,  j\  is  connected 
directly  with  the  terminal,  c,  of  the  primary  coil,  C.  The 
post,  /,  is  connected  by  the  wire,  /,  with  the  post,  «,  and  the 
terminal,  d,  of  the  primary  coil  is  connected  with  the  post, 
<\  The  battery  current  passing  through  the  primary  coil 
renders  the  wire  bundle,  I,  magnetic:  the  armature,  /',  is. 

Fkj.  532. 


l)i;iKiain  of  Condenser  C^onnections. 

attrac'tttl  liuvanl  ii,  haakino-  t  lie  electrical  connection  at  the 
einl  til  the  senu,  ,»,  when  the  iron  wire  bundle  loses  its 
iiia^iietiMu,  and  tlie  aiiualuie  Hies  hack  until  the  spring,/, 
a^aih  lom  hes  tht*  sirew.  .».  when  the  armature  is  again 
altiaiJctl,  anti  Ml  on.  When  the  current  is  broken  in  this 
niaunc'i,  il  ih(*  nuuU'use!  he  iletacl\ed,  there  is  a  lar^e  spark 
al  the  (IhI  ol  \\\v  Mitw,  «'.  as  the  extra  current  is  discharged 
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from  the  primary  coil,  but  when  the  condenser  is  connected 
by  the  wires,  Q  R,  with  the  posts,  c  //,  the  spark  is  very 
much  decreased  in  intensity,  as  the  extra  current  is  diffused 
in  the  condenser,  and  thus  prevented  from  opposing  action 
of  the  primary  current. 

The  binding  posts,  F,  have  each  two  holes  and  two  bind- 
ing screws.  One  set  of  holes  receive  the  pointed  rods,  S, 
the  other  the  conducting  wires,  T.  This  coil,  if  carefully 
made,  will,  when  the  current  is  interrupted,  give  a  spark 
i^  inches  long  between  the  points  of  the  two  rods,  S,  by 
using  two  large  Grenct  battery  cells.  The  current  may  be 
reversed  by  turning  the  pole  changer  or  commutator,  L, 
through  a  half  revolution,  and  it  may  be  stopped  altogether 
bv  turning  the  bars,  / ;//,  out  of  contact  with  the  springs,/^. 

It  requires  a  little  more  than  a  pound  of  wire  for  both 
sections  of  the  secondary  coil,  but,  of  course,  the  quantity 
will  vary  somewhat  with  the  manner  of  winding.  By 
observing  the  proportions  given,  coils  of  other  sizes  may  be 
made  from  these  drawings. 

Another  method  of  construction  consists  in  winding  silk- 
covered  wire  entirely  across  tlie  spool,  and  insulating  each 
layer  by  a  coating  of  shellac  and  two  or  three  thicknesses 
of  paper  coated  with  shellac  varnish  or  melted  paraffine.  Still 
another  method  consists  in  making  the  secondary  coil  of  very 
thin  sections,  and  insulating  the  sections  one  from  the  other 
by  disks  of  hard  rubber,  but  the  plan  ^lere  given  is  undoubt- 
edly the  easiest,  and  a  coil  made  in  this  manner  gives  good 
results.  With  it  most,  if  not  all,  of  the  experiments  usually 
performed  with  induction  coils  may  be  accomplished. 

For  example,  it  will  charge  a  Leyden  jar,  decompose 
water,  explode  blasting  cartridges,  light  gas,  exhibit  the 
phenomena  of  electric  light  in  vacuo,  and  may  be  used  in 
many  very  interesting  experiments. 

EXPERIMENTS   WITH   THE    INDUCTION   COIL. 

The  spark  between  the  points  of  the  wires  that  extend 
from  opposite  ends  of  the  coil  toward  its  center  is  of  itself 
interesting.  It  is  in  fact  a  miniature  discharge  of  lightning 
of  which  we  have  entire  control. 


ing  altogether  spiteful,  A  piece  of  paper  or  cardboard 
placed  between  the  points  is  readily  punctured,  and  the  cur- 
rent finds  its  way  through  mica,  the  surface  of  %v^hich  it  will 
follow  in  various  directions  toward  the  hole  through  which 
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it  passes,  at  which  point  the  spark  is  very  bright,  A 
sheet  of  mica  about  4x6  inches,  having  upon  one  side 
a  sheet  of  silver  leaf  2X3  inches,  may  be  used  in  some  very 
pretty  experiments.  To  apply  the  silver  leaf  to  the  surface 
of  the  mica,  it  is  only  necessary  to  moisten  the  latter  with 
the  tongue  and  then  lay  on  the  leaf.  When  the  sheet  of 
mica,  thus  prepared,  is  placed,  silvered  side  down,  from  >i 

Fig.  535* 


Ruury  Disk. 

CO  l>i  inch  from  the  rods»  which  are  connected  with  the  ter- 
minals of  the  secondary  coil — as  shown  in  Fig,  533 — the  spark 
leaps  downward  to  the  mica  surface,  and  then  travels  in  a 
tortuous  route  to  the  vicinity  of  the  point  of  the  other  rod 
and  leaps  upward. 

These  sparks  follow  each  other  in  such  rapid  succession 
that  the  mica  appears   to   have  several  sparks    traveling 
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Fig,  536, 


across  it  at  once,  but  such  is  not  the  case*  Only  a  single 
spark  traverses  the  mica  at  a  time,  the  impressions  of  the 
successive  sparks  being  retained  on  the  retina  a  sufficient 
length  of  time  to  cause  the  several  sparks  to  appear  as  if 
simultaneous.  By  placing  the  mica  plate  in  contact  with 
the  two  rods,  the  spark  may  be  made  to  travel  further  than 
it  would  otherwise.  By  separating  the  rod  somewhat  more 
than  the  length  of  the  spark  and  placing  the  mica  from  53 
to  f^  inch  below  it,  the  current  will  be  diffused  over  the 
mica  surface  in  radial  purple  streams.  When  one  of  the 
rods  is  allowed  to  project  considerably  over  the  silvered 
portion  of  the  mica,  and  the  other  is  allowed  to  project  over 
it  but  very  little,  as  shown  in  Fig.  534,  the  current  escapes 
to  the  mica  surface  in  purple  streams  and  is 
diffused  in  all  directions. 

When  a  piece  of  glass  is  placed  between 
the  points^  the  spark  will  be  deflected  and 
pass  around  the  edge  of  the  glass*  When  a 
candle  flame  is  placed  near  the  path  of 
the  spark,  this  diverges  toward  the  flame. 
The  current  will  travel  in  all  directions 
over  a  surface  sprinkled  with  any  finely 
divided  metal,  and  will  deflagrate  some  of 
the  particles  of  the  metal. 

By  connecting  a  wire  with  one  terminal 
of  the  secondary  coil,  and  allowing  its  free 
end  to  dip  in  a  glass  of  water,  and  placing  a  wire  connected 
with  the  other  terminal  near  the  surface  of  the  water,  a 
spark  will  be  obtained  from  the  water.  By  incasing  each 
of  the  terminal  wires  in  a  glass  tube — leaving  onl)^  the 
end  exposed— and  dipping  the  two  wires  thus  incased  in  a 
glzss  of  water,  with  their  exposed  ends  near  together,  a 
vivid  spark  will  be  seen  to  pass  from  one  wire  to  the  other, 
showing  that  the  spark  is  not  extinguished  by  water. 

A  rapidly  whirling  disk,  Fig.  535,  as  viewed  by  the  dis- 
charges of  the  induction  c*)il,  appears  stationary  when  the 
pasdiagc  of  the  sf>arks  and  the  passing  of  the  radial  bars  of 
the  disk  by  a  fixed  point  occur  simultaneously.  This  experi- 
ment exhibits  the  great  velocity  of  the  electric  spark 
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By  increasing  the  speed  of  the  disk,  or  reducing  the  rate 
of  vibration  of  the  interrupter,. the  disk  appears  to  set  up  a 
slow  retrograde  motion.  By  decreasing  the  speed  of  the 
disk,  it  appears  to  move  slowly  forward. 

A  speed  may  be  reached  at  which  the  two  series  of 
radial  bars  seem   to  rotate   in    opposite    directions.      At 

Fig.  537. 


another  speed  the  central  series  rotates  while  the  outer 
series  stands  still,  and  the  black  spots  turn  in  orbits  of  their 
own  at  the  ends  of  the  stationary  bars. 

A  Leyden  jar  being  placed  on  an  insulated  table,  K  (Fig. 
536),  and  having  its  inner  and  outer  coatings  connected  with 
the  poles  of  the  coils  by  \vires,  /  q,  adds  greatly  to  the  inten- 


FiG.  538. 
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Stateham's  Fuse. 


sity  of  the  spark  between  the  pointed  rods  connected  with 
the  coil.  The  jar  may  be  charged  by  insulating  it  and  con- 
necting one  of  the  poles  of  the  induction  coil  with  the  ball 
of  the  jar,  and  placing  a  wire  connected  with  the  other  pole 
a  little  distance  from  the  outer  coating.  The  jar  may  be 
discharged  with  the  ordinar}-  discharging  rod. 

By  placing  between  the  secondary  wires  in  the  path  of 


passing  through  one  side  and  nearly  touching  the  other. 
When  thiH  rrmTrivancr  is  filled  with  a  mixture  of  gas  and 
air.  and  the  knob,  A»  is  jircsented  to  one  pole  of  the  coil 
while  the  can  is  in  communication  with  the  other  pole,  an 
CKploHton  foUowN. 

Statcham's  fuse,  shown  in  Fig.  538,  is  employed  in  clec* 
trie  blasting.  It  is  simplv  a  gutta-percha-covered  con- 
dtictof,  twititcd  together  and  interrupted.     It  is  buried  in 
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gunpowder,  which  is  ig^nited  when  the  spark  from  the 
induction  coil  passes  the  break  in  the  conductor. 

When  the  discharging  points  of  the  induction  coil  are 
placed  quite  near  together,  a  calorific  spark  is  produced 
which  will  ignite  wood,  paper,  etc. 

In   Fig.   539  is  shown  an  apparatus  for  decomposiag 


w  0 


Geisslcr's  Tnbes^ 


water.  It  cxmsists  of  a  vessel  having  two  platinum  poles 
contkected  with  the  secondary  wires,  and  covered  by  two 
gbss  tubes  suspended  over  them.  The  vessel  and  the  tubes 
are  filled  with  water  acidulated  with  sulphuric  acid.  Oxy* 
gen  is  disengaged  at  the  positive  electrode,  and  hydrogen 
appears  at  the  negative.     These  gases  may  be  reunited  by 
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placing  them  in  the  gas  pistol  and  exploding  them  b}^  a 
spark* 

The  experiments  already  described,  although  very  inter- 
esting and  instructive,  do  not  compare  in  splendor  with  the 
class  of  experiments  in  which  the  electric  discharge  passes 
through  a  rarefied  medium. 

The  remarkable  beauty  and  brilliancy  of  the  discharge 
is,  perhaps,  best  exhibited  by  the  well  known  Geisslers 
tubes,  several  forms  of  which  are  shown  in  Fig.  540.  In 
these  the  color  of  the  discharge  varies  with  the  vapor  con- 
tained b)^  the  tube,  and  it  is  also  modified  by  the  quality  of 
the  glass  composing  the  tube. 

In  Fig.  541  the  magnificent  strise  which  are  produced  in 

Fig.  541, 


Geissler's  Tubes  showing  Stratifications. 


these  tubes  are  represented.  These  striae  vary  in  shape, 
color,  and  luster  with  the  degree  of  vacuum,  the  dimensions 
of  the  tube,  and  the  nature  of  the  gas  or  vapor  through 
which  the  discharge  takes  place.  In  this  figure  the  striae 
given  by  hydrogen  are  represented. 

The  electric  egg,  shown  in  Fig.  542,  is  simply  a  large  egg- 
shaped  glass  vessel,  having  a  stop  cock  for  attaching  it  to 
an  air  pump,  and  provided  with  a  sliding  rod  at  the  top,  and 
a  metal  rod  at  the  bottom,  which  terminates  in  a  ball  and  is 
in  metallic  connection  with  the  base.  The  air  being  ex- 
hausted, and  the  upper  and  lower  rods  being  connected  with 
the  poles  of  the  induction  coil,  the  light  tuft  between  the 
twfi  rods  will  assume  on  ovoidal  form,  and  will  become 
more  nearly  nphLTical  as  the  air  becomes  more  rare.  When 
a  piece  of  metal  is  presented  to  the  side  of  the  egg,  the  cur- 
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rent  will  be  diverted  from  its  path  and  flow  toward  the 
side  of  the  cggf  as  seen  in  the  figure  at  the  left.  When  the 
glass  globe  contains  a  small  portion  of  the  vapor  of  alcohol, 
naphtha,  or  any  light  hydroc3ui>on,  the  character  of  the 
light  is  changed,  being  stratified^  as  shown  in  the  central 
figure* 

The  experiment  known  as  GassaoC's  cascade  (Fig,  543)  is 


Oeciric  Egga^ 

very  beautifuL  A  goblet  coaled  with  tinfoil,  after  the  man- 
ner of  a  Leyden  jar.  is  placed  in  a  vacuum.  The  induction 
current  is  carried  to  its  bottom  by  the  wire  passing  through 
the  cap  of  the  air  belt  The  other  electrode  being  in  com- 
munication with  the  air  pump  plate  on  which  the  apparatus 
stands,  when  the  current  is  established,  "  the  goblet  over- 
flows tike  a  fountain,  with  a  gentle  cascade  of  light,  wavy 
and  gauze-like,  falling  like  an  auroral  vapor  on  the  metallic 
base." 
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The  beautiful  experiment  illustrated  in  Fig,  544  is  due 
to  Mr.  Rcj-nold  Janney,  oi  Wilmington,  O*  It  cunsists  in 
passing  the  discharge  of  a  Wimshurst  machine  or  induction 
coil  over  a  board  covered  with  tinfoil  divided  into  i  inch 
squares.  The  discharge  splits  up  into  many  branches,  each 
of  which  resembles  a  miniature  lightning  stroke.     The  dis- 


C:rXt^~. 


Janncv*s  Lightning  Board. 

charge  from  a  coil  like  that  just  described  will  readily  pass 
over  such  a  board  six  feet  in  length.  The  best  method  of 
making  this  apparatus  is  to  apply  two  or  three  coats  of 
shellac  varnish  to  a  smooth  pine  board,  allowing  it  to  be- 
come thoroughly  dry,  then  applying  the  tinfoil  and  causing 
it  to  adhere  by  passing  over  it  a  warm  sad-iron,  which  melts 

Fig,  545 


Word  formed  by  Sparks, 

the  *iheUac  so  that  as  soon  as  it  becomes  cool  the  foil  is 
firmly  cemented  to  the*  btjanl  The  squares  are  formed  by 
cutting  througn  the  foil  h)ngitudinally  and  transversely  by 
mean^  of  a  sliurj)  knife  guided  by  a  straight  edge* 

In   Fig*  545  is  shewn  a  word  formed  by  sparks  leaping 
aver  fi^paccis  in  a  narrow  strip  of  foil     The  discharge  pro- 
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duces  luminous  eflfects  at  the  interruptions  only.  By  a 
careful  arrangement  of  the  interrupted  and  uninterrupted 
strips  of  tinfoil,  almost  any  design  capable  of  being  formed 
in  outline  may  be  produced  in  brilliant  luminous  lines. 

AUTOGRAPHS   OF  THE   ELECTRIC   SPARK. 

Electricity  of  very  high  tension,  when  discharged  on  the 
surface  of  a  body  having  very  low  conductivity,  forms  a 
luminous  arborescent  image,  showing  the  path  of  one  or 
more  of  the  sparks  resulting  from  the  discharge.  The 
erratic  course  taken  by  the  spark  may  be  due  to  the  com- 
pression of  air  in  the  path  of  the  discharge  or  to  the  supe- 
rior conducting  power  of  some  portions  - 
of  the  conductor,  or  to  both. 

The  autographic  record  of  such  a 
discharge  is  sometimes  found  on  the 
bodies  of  persons  struck  by  lightning,  the 
tree-like  appearance  of  the  marks  giving 
rise  to  the  erroneous  notion  that  the 
lightning  in  some  way  photographs  upon 
the  body  the  image  of  trees  in  the  vicinity 
of  the  catastrophe. 

Doubtless   the   same    marks    might  be 
produced  upon  the  body  by  the  discharge     ^^^siot's  Cascade, 
of  a  Holtz  machine  or  a  large  induction  coil ;  but  this  is  an 
experiment  for  which  it  would  be  difficult  to  find  a  subject. 

Fig.  546  is  an  accurate  copy  of  a  photograph  taken  from 
the  arm  of  a  boy  who  had  been  struck  bv  lightning.  Here 
the  marks  bear  a  striking  resemblance  to  some  forms  of 
vegetation. 

The  writer  in  striving  to  secure  an  autographic  record 
of  high  tension  electrical  discharges  tried  a  large  number  of 
films  before  finding  one  sufficiently  delicate  to  be  impressed 
by  the  discharge  and  at  the  same  time  having  enough  firm- 
ness to  prevent  it  from  being  blown  away  by  the  spark.  A 
thin  film  of  smoke  on  glass,  fixed  by  means  of  alcohol, 
yielded  the  first  results;  but  the  difficulty  of  saturating  the 
film  with  alcohol  \vithout  destroying  it  was  ccmsiderable. 
Finally,  a   smoke   film   formed  on  glass   previously  coated 
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very  slightly  with  kerosene  oil  was  adopted  as  the  most 
practicable.  The  glass  was  prepared  for  smoking  by  smear- 
ing it  over  with  the  oil,  then  removing  all  but  a  trace,  then 
smoking  it  lightly  over  a  very  large  gas  jet  or  over  a 
candle. 

The  glass  plate  thus  prepared  was  arranged  between  the 

Fig.  546. 


Maiks  ]->r{Hlnrtul  bv  Lii:htning. 


terminals  of  \\\c  induction  coil,  at  rii^ht  angles  to  the  ter- 
minals, M)  that  I  ho  (lischarixo  niii^Ht  be  directly  against  the 
smoked  surtaee  of  the  i^lass,  as  shown  in  Fig.  547. 

The  coil  enii>K)yed  was  ca]>able  of  yielding  a  I i  inch 
spaik,  and  the  pointed  terminals  were  separated  -^  inch.  A 
sini^le  s])aik,  oi'  what  a]>peared  to  be  such,  from  the  nega- 
tive termin.il  of  the  coil  produced  upon  the  film  a  spot  like 
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one  of  those  shown  in  Fig.  548.  These  q>ots»  to  the ) 
eye,  appear  Kke  smaU  hol^  through  tibc  fihn ;  bni  arioro- 
scopic  examination  dicnrs  them  as  fXKaposed  of  a  largi^aBni- 
ber  of  rerj  crooiced  lines  cut  out  of  the  smoke  fihn,  and 
stpon^  J  rcsemfaln^  a  tnlt  of  wooL  Fig.  549  diows  a  figure 
produced  bj  a  saoocaaop  <if  t&diarges.  These  6gam  in- 
dicate the  ^litlii^iipof  thedischu^intDaeFeialbnuicfaes. 
It  might  at  first  mppe^r  that  the  stmcuue  of  the  fitm  voold 

Flu      SLt* 
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of  tkt  Rale 


have  some  influence  00  the  directiOB  of  the  tf^tcrliag^  am]^ 
cODseqoentlr,  on  the  character  of  the  linea;  but  the  other 
marldngs  shorn  arc  so  charaiiteristicy  and  socridentljhide- 
pendent  of  the  structure  of  the  fihn,  th^  it  mctcm^  abnoal 
certain  that  the  nature  of  the  film  had  Terr  little  to  do  with 
the  directioci  taken  I7  the  ^xaiiL 

Figs.  548  to  S52,  indimTe^are  photXMnicragniplis  of  vari 
oos  marks  produced  in  the  manner  deacr&ed,  taken  nnder  a 
magnificatioo  of  jo  diamrtrrs^  and  the  engraTings  ol  these 
dectfo-antogiaphs  are  pfodnood  hf  pbotcvengraiing,  nith- 


OQt  aiqr  < 


or  modifications  whatever,  so  that  &kh- 
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fill  reproductions  uf  the  original  work  done  by  the  elec 
trical  discharge  arc  presented  herewith.  The  fig-iires  num- 
bered 548  to  551  were  produced  by  the  discharge  from  the 
negative  terminal  of  the  coil,  while  the  marks  shown  in  Fig. 
552  were  made  by  the  discharge  from  the  positive  terminal. 
The  sagittate  forms  cf  the  larger  marks  in  Fig.  550 
are  produced  by  a  heavier  discharge.  The  sagittate  and 
bird-like   forms  shown  in  Fig.  551  are  of   rare  occurrence^ 

FtG      t.^2. 


Auiograph  of  the  Electnc  Spark. 

but  they  arc  of  substantially  the  same  nature  as  those 
shown  in  Fig.  550.  Figures  rc^embling  these  have  been 
icen  in  vacuum  tubes,  and  sketched  by  De  la  Rue.  Re- 
prixluctjonis  of  some  of  his  drawings  are  given  in  Fig.  553: 
I  in  this  cut  shrnvs  strise  in  which  each  section  resembles 
an  arrow  head,  the  points  always  extending  toward  the 
ncf^atjve  conductor  ;  2  show^s  the  tendency  of  striae  to 
become  amicdl ;  3,  4,  and    5  show  sagittate   forms  similar 
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to  those  shown  in  the  autographs,  Figs.  550  and  551,  but 
the  images  of  them  vanished  when  the  current  ceased ;  6  in 
Fig,  553  shows  forms  taken  by  the  discharge  from  the  posi- 
tive terminal  in  a  vacuum  tube,  which  have  substantially 
the  same  appearance  as  the  marks  show  n  in  Fig.  552. 

Tw^o  peculiarities  are  noticed  in  the  marks  in  Fig.  552,  one 
being  the  longitudinal  grooves  in  each  mark,  the  other  the 
evidences  of  the  ricocheting  of  the  spark. 

Fig.  553. 


Figures  formed  by  Ihe  Electric  Discharge  in  Vacuum  Tubes. 

De  b  Rue  says:  "The  gases,  in  all  probability,  re- 
ceive impulses  in  two  directions,  at  right  angles  to  each 
other,  that  from  the  negative  being  the  more  continuous  of 
the  tw^o/'  The  autographic  records  here  shown  seem  to 
bear  out  this  theory,  since  all  of  the  arnnvs  have  lateral  en- 
largements and  point  toward  the  negative. 

The  longitudinal  groove ngs  of  the  marks  made  by  the 
sparks  from  the  positive  terminal  are  suggestive  of  a  multi- 
ple discharge. 
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INDUCTION    BALANCE    AND    AUDIOMETER. 

With  this  apparatus  the  condition  of  the  hearing  appa- 
ratus may  be  ascertaiued,  and  the  hearing  capacity  may  be 
accurately  measured.  It  has  been  determined  by  the  use  of 
this  instrument  that  there  is  a  wide  difference  between  the 
hearing  powers  of  different  individuals,  and  that  there  is 
often  a  marked  difference  between  the  hearing  power  of  the 
two  ears  in  the  same  individual.    • 

While  this  use  is  very  interesting,  amusing,  and  instruct- 
ive,  another  application  of  the  same  principle  is  even  more 
w^onderfuh  Figs.  554,  555,  and  556  show  the  induction 
balance  in  a  new  and  convenient  form.  This  instrutiient  is 
capable  of  being  used  in  the  same  manner  as  the  ordinary 
form,  and  besides  may  be  used  to  distinguish  between 
metals  and  allovs  by  a  method  hitherto  unknown* 

On  several  occasions  the  results  of  the  examination  of 
different  metals  by  this  method  have  been  reported  by  Pro- 
fessor Hughes  and  others  who  have  experimented  in  this 
direction. 

The  coils,  G,  H,  H',  G\  are  wound  upon  spools  3j^ 
inches  in  diameter,  having  a  2  inch  hole  through  the  center 
for  receiving  the  supporting  bars,  I,  J.  These  spools  are 
each  wound  with  350  feet  of  No.  32  silk-covered  copper 
wire.  The  wooden  bars,  I,  J,  are  24  inches  long  between 
the  standards  that  support  them.  They  project  through  2- 
inch  holes  in  the  standards,  and  are  held  in  place  by  horn  or 
rubber  springs,  K.  as  shown  in  Fig,  555.  This  arrangement 
admits  of  inserting  objects  into  the  coils  from  the  ends  ot 
the  instrument.  The  primary  coils,  G,  G',  are  in  circuit 
with  the  microphone,  E,  and  battery,  F,  and  are  connected 
so  that  the  current  traverses  the  coils  in  opposite  directions, 
and  the  secondary  coils,  H,  H  ,  are  connected  together  by 
one  terminal,  and  with  the  telephone  by  the  other,  the  two 
coils  being  wound  in  the  same  direction.  The  coil,  H,  should 
be  placed  fj  or  |  inch  from  the  coil,  G."^  and  the  coil,  H\ 
should  be  similarly  arranged  in  relation  to  the  coil,  G',  and 
the  latter  should  be  moved  one  way  or  the  other  until  the 

*Thi5  distance  is  made  propurtionally  greater  in  the  engraving  simply  mi 
the  sake  of  clearness. 
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ticking  of  the  clock  on  the  microphone  is  no  longer  heard : 
then  the  inductive  effect  of  one  of  the  outer  coils  is  exactly 
balanced  by  that  of  the  other.  To  disturb  this  balance  it  is 
only  necessary  to  insert  in  one  or  the  other  of  the  pairs  of 
coils  a  coin  or  other  object,  as  seen  between  the  coils, 
G,  H*  The  ticking  may  then  be  heard  more  or  less  dis- 
tinctly in  the  telephone,  the  loudness  of  the  sound  depend* 
ing  on  the  particular  metal  or  alloy  inserted.  If  it  be  a 
coin»  and  another  similar  coin  be  inserted  into  the  other  end 
of  the  apparatus  in  the  same  position  relative  to  the  coils, 
H\  G\  the  ticking  will  cease;  but  if  there  is  a  variation  in 
composition  or  size,  the  difference  is  at  once  made  known 
by  the  continued  ticking  of  the  clock  in  the  telephone.  In 
this  manner  a  counterfeit  coin  may  be  easily  and  certainly 
detected. 

It  is  remarkable  that  to  disturb  the  balance  of  the  cur- 
rent requires  only  the  slightest  variation  in  the  size  or  mate- 
rial of  the  object  inserted*  A  piece  of  small  iron  wire  will 
bring  out  the  ticking  loudly.  A  piece  of  magnetized  steel 
will  make  it  still  louden  It  is  an  interesting  study  to  deter- 
mine the  difference  between  different  substances  as  indicated 
by  this  apparatus. 

Wlicn  the  induction  balance  is  used  as  an  audiometer,  the 
two  central  i>r  secondary  coils  are  placed  close  together*  and 
a  pajjcr  scale,  K»  is  attached  to  the  upper  surface  of  the  bar, 
J,  to  complete  the  arrangement  When  the  two  coils  are 
exactly  in  the  center  of  the  apparatus,  the  currents  induced 
by  the  coils,  G  G\  will  be  equal  and  in  opposite  directions, 
und  will,  therefore,  neutralize  each  other»  so  that  no  sounds 
will  he  heard  at  the  telephnne ;  but  when  the  movable  coils 
are  carried  liuvanl  either  end  of  the  apparatus,  the  current 
induced  in  the  movable  coils  by  the  coil  at  that  end  will 
prrKlucr  rounds  in  the  tele|)hone,  the  strength  of  which  are 
in  |/roport»un  to  their  distance  between  the  movable  and 
lUcd  colU. 
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CHAPTER    III. 

TELEPHONE,  MICROPHONE,  ELECTRICAL  MAGIC. 
THE  TELEPHONE. 

The  telephone,  although  now  well  known,  is  no  less 
interesting  than  it  was  when  first  presented  to  the  public. 
Many  forms  of  this  wonderful  instrument  have  been  in- 
vented ;  only  one,  however,  has  come  into  general  use. 

Fig.  I,  Plate  VII.,  shows  the  telephone  in  active  opera- 
tion. Fig.  2  is  a  perspective  view  of  a  telephone  employing 
ordinary  U  magnets. 

Fig.  3  is  a  detail  sectional  view  of  the  same.  Fig.  4 
is  a  side  elevation  partly  in  section  of  a  telephone  that  is 
essentially  the  same  as  BelFs.  Figs.  5  and  6  represent 
devices  for  magnetizing  the  bars  for  telephones.  The  tele- 
phone shown  in  Figs.  2  and  3,  Plate  VII.,  is  very  easily 
made.  The  two  U  magnets,  B,  which  may  be  5  inches  long, 
or  larger  or  smaller,  can  be  bought  at  almost  any  hardware 
store  or  toy  shop,  and  the  soft  iron  core.  A,  upon  which  the 
spool,  D,  is  placed,  is  screw-threaded  externall3'  and  flattened 
to  fit  between  the  magnets.  The  iron  core,  A,  is  |  inch  in 
diameter,  and  the  flattened  end  which  extends  for  about  i 
inch  between  the  magnets  is  {  inch  thick,  and  the  other  poles 
should    be  separated  the  same  distance  by  a  block  of  wood. 

The  two  magnets  are  firmly  clamped  together  by  the 
brass  plates,  C,  and  the  screw,  which  extends  through  one 
of  them  into  a  tapped  hole  in  the  other.  The  magnets 
must  be  arranged  with  like  poles  in  contact  with  the  soft 
iron  core,  A. 

The  wooden  spool,  D,  is  i  inch  in  diameter  and  f  inch 
long,  and  has  upon  its  outer  end  a  concaved  flange,  E,  hav- 
ing an  annular  bearing  surface  for  the  diaphragm,  F.  The 
flange  is  2^  inches  in  diameter,  and  the  annular  bearing  sur- 
face is  i  inch  wide,  leaving  the  middle  portion  of  the  dia- 
phragm, which  is  1}  inches  in  diameter,  free  to  vibrate. 
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The  spool  is  liilcd  with  No.  36  or  No.  38  silk-covered  cop- 
per  wire,  and  the  ends  ot  the  wire  are  fastened  to  small 
blndingr  screws.  <j,  that  project  from  the  back  of  the  con- 
cave  flanore,  E. 

The  diaphragm,  which  is  simpiv  a  disk  of  very  thin 
tinned  iron  or  ferrotype  plate,  is  of  the  same  diameter  as 
the  flange.  E.  on  which  it  is  placed. 

The  mouthpiece.  G,  is  secured  to  the  flange,  E,  by  three 
small  screws;  the  diaphragm  being  clipped  at  three  equi- 
distant places  to  admit  i>f  this  miKle  of  fastening.  The  dia- 
meter of  the  opening  in  the  mouthpiece  is  ^  inch,  and  the 
mouthpiece,  like  the  flange,  must  be  concave. 

The  distance  between  the  diaphragm.  F,  and  the  end  of 
tne  soft  iron  core.  A,  is  adjusted  bv  screwing  the  spool,  D, 
up  or  down  on  the  core.  The  best  adjustment  is  to  place 
the  diaphragm  as  near  the  end  oi  the  core  as  possible  with- 
out causing  a  jar  when  the  instrument  is  spoken  to. 

The  telephone,  when  connected  with  another  of  the  same 
kind  by  means  of  two  conducting  wires  secured  in  the  bind- 
ing posts,  works  well.  A  single  wire  mav  be  used  to  con- 
nect one  binding  post  of  each  telephone,  the  other  binding 
post  being  connected  with  the  gas  or  water  pipe,  or  with  a 
ground  wire  pn>perlv  coimected  with  large  metallic  plates 
buried  in  earth  that  is  constantly  moist. 

The  telephone  thus  ilescribed  is  more  easily  made  than 
that  shown  in  Fii^.  4.  Plate  VII..  as  the  trouble  of  magnetiz- 
ing the  steel  is  avoided. 

Hy  substituting  {\»r  the  iron  core.  A.  a  bar  magnet  f  inch 
diameter  and  o  inches  long,  a  verv  compact,  easily  adjusted 
telephone  is  produced. 

The  tclcphiMio  shown  partly  in  section  in  Fig.  4  consists 
oi  five  principal  parts — the  handle,  H.  the  mouthpiece,  1^  the 
diaphragm.  J.  the  magnet.  K.  arul  the  b'.»bb:n   L 

The  handle  is  bored  iongitu*.linaI'.y  through  the  center  to 
receive  t!ie  rv>und  bar  magnet.  K,  and  there  are  two  small 
iioies  at  v^pposite  sivles  of  the  magnet,  through  which  pass 
the  stout  wires.  M.  which  are  soldered  t  -  the  terminals  of  the 
b\»bbin.  L.  and  connected  with  the  binding  screws,  X,  at 
the  end  o:   the   handle.      Fhe  handle.   H.  is  chambered  to 
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receive  the  bobbin,  L,  and  has  a  mouthpiece,  I,  and  dia- 
[jhra^jm,  J*  which  arc  of  the  same  size  as  previously 
flescril)ccL 

Iij  the  present  case  the  mouthpiece  or  cap  is  screwed  on 
He  liandie,  but  it  may  with  equal  advantage  be  fastened  b)* 
nuNinN  ui  **rnall  screws,  as  shown  in  Figs.  2  and  3. 

The  bobbin  is  filled  with  No.  36  or  No.  38  silk-covere 
<;op|)cr  wire,  and  the  magnets  are  placed  as  near  the  dia- 
phrii^tn  as  possible  wiihdut  touching  it,  and  when  properly 
adjusted  it  is  clamped  by  a  screw,  O,  at  the  smaller  end  of 
\Uv  handle.  The  bar  magnet,  K,  is  |  inch  diameter  and  6 
inches  lung. 

The  ccmnecticm  between  two  or  more  telephones  and 
the  grnund  connection  is  made  in  the  manner  before  de- 
HCribed. 

There  are  two  methods  of  magnetizing  the  bars.  The 
first  thing  lo  be  done  is  to  harden  and  temper  the  bar.  This 
h  done  by  heating  it  to  a  dark  cherry  red  and  plunging  it 
in  cool  water,  and  afterward  drawing  the  temper  to  a  straw 
color.  The  first  method  of  magnetization  consists  in  plac- 
ing upon  each  end  of  the  tempered  steel  bar,  Q  (Fig.  5),  a 
Hott  iron  cap»  l<»  antt  inclosing  the  bar  thus  armed  in  a  helix, 
P,  made  of  eight  or  ten  layers  of  No.  16  insulated  copper 
wire,  and  roruiecting  the  helix  w^ith  a  bichromate  battery. 

Vhr  Ur\i\  shduld  extend  to  the  ends  of  the  soft  iron  caps, 
and  it  unm\  be  disconnected  from  the  battery  before  with- 
draw ii»g  the  magnet. 

Antvthet  method  consists  in  passing  over  the  bar  a  helix, 
8,  compoied  of  ten  layers  of  No,  16  insulated  copper  wire. 
Thin  helix  Uan  an  intcnud  diameter  of  |  inch  and  a  length 
ol  i\\hn\\  it  inche?^. 

\\\o  hcllx»  being  connected  with  a  strong  battery,  is 
drnwn  i>ver  f lie  bar  frnin  nnc  end  to  the  other,  and  returned 
to  thi'  nuddtc  «'f  fhi  h,ir,  when  the  battery  should  be  discon- 
ni^tteih 

The#o  nrr  tmny  methods  of  magnetization,  and  may  be 
praclli^d  by  «ny  one  having  the  appliances,  but  unless  a 
\ciy  |)ow<^rh«l  battery  is  used,  the  magnets  wiU  not  possess 
fU^  Mrc^ngth  ri^hlbiled  by  mjignets  charged  by  a  dj^namo. 
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The  telephone  line  wire  should  be  insulated  in  the  same 
manner  as  telegraph  wires.  For  short  lines  a  return  wire 
is  used.     For  long  lines  a  ground  connection  is  preferable. 

No.  12  galvanized  iron  wire  is  commonly  used  for  tele- 
phone lines. 

An  explanation  of  the  action  of  the  telephone  is  found  in 
Chap.  XVIII.,  p.  477.  The  diaphragm  is  the  armature  of  the 
magnet.  The  approach  of  the  armature  toward  the  magnet 
and  its  recession  therefrom,  under  the  influence  of  sound 
waves,  alternately  weakens  and  strengthens  the  magnet,  and 
thus  causes  the  generation  in  the  coil  surrounding  the  mag- 
net of  induced  currents  alternating  in  direction,  and  varj'- 
ing  in  strength  according  to  the  amplitude  of  the  vibration 
of  the  diaphragm.  These  alternating  currents  pass  over 
the  line  connecting  the  telephones,  and  through  the  coil  of 
the  distant  telephone.  Here  the  currents  altematel)'  aug- 
ment and  diminish  the  power  of  the  magnet  and  cause  an 
increase  in  its  attraction  for  the  diaphragm,  or  a  partial 
release,  according  to  the  direction  of  the  electrical  impulse. 

The  diaphragm  of  the  receiving  instrument  is  thus  made 
to  copy  the  motions  of  the  transmitting  diaphragm  with 
sufficient  completeness  to  reproduce  through  the  agency  of 
air  vibrations  sounds  similar  to  those  uttered  in  the  trans- 
mitting telephone. 

Owing  to  the  small  volume  of  sound  realized  in  tele- 
phones arranged  in  this  way,  a  microphonic  transmitter  is 
commonly  used  in  connection  with  telephone  lines. 

THE   TR.\NSMITTER. 

The  Blake  telephonic  transmitter,  shown  in  Fig.  557,  is 
now  almost  exclusively  used  in  connection  with  the  Bell  tele- 
phone. 

This  transmitter  is  very  efficient,  not\*nthstanding  the 
fact  that  there  is  nothing  very  delicate  or  fine  about  its  con- 
struction. 

It  is  generally  attached  in  a  vertical  position  to  a  board, 
which  also  supports  the  switches  and  other  accessories.  To 
the  hinged  cover  of  the  box  is  secured  the  annular  cast  iron 
frame.  A,  in  which  is  placed  a  3  inch  circular  diaphragm,  B, 


62 


EXPERIMENTAL    SCIENCE. 


made  of  common  Russia  iron  of  medium  thickness^  bound 
around  the  edges  by  a  solt  rubber  band,  stretched  over  it 
so  that  it  covers  about  a  quarter  of  an  inch  of  its  edge. 

The  diaphragm  is  held  in  place  by  a  small  clip  just 
touching  the  rubber  binding  upon  one  edge,  and  by  a  steel 
spring  upon  the  other  edge,  which  is  rubber  tipped  and 
touches  the  diaphragm  about  J  inch  from  the  center  with  a 
pressure  of  several  ounces.  Short  arms  are  cast  on  the 
ring,  A,  one  at  the  bottom,  the  other  at  the  top,  and  to  the 
upper  arm  is  attached  a  spring,  vv  hich  is  riveted  to  the  cast- 
ing, C.  This  casting  supports  two  delicate  springs,  D  E 
(watch  springs).  The  spring,  D,  has  an  insulated  support, 
and  is  connected  by  a  wire  with  the  tipper  hinge  of  the  box 
cover,  the  hinge  being  connected  with  the  binding  post,  rf  at 
the  top  of  the  box. 

The  free  end  of  the  spring,  D,  rests  against  the  dia- 
phragm, and  is  provided  with  a  convex  platinum  button, 
which  is  pressed  by  a  highly  polished  carbon  button  inserted 
in  a  piece  of  brass  weighing  two  or  three  pennyweights  and 
fastened  to  the  free  end  of  the  spring,  E. 

The  spring,  E,  is  in  metallic  contact  with  the  casting,  C, 
and  the  latter  is  in  electrical  communication  with  the  frame, 
A,  which  is  connected  by  a  wire  with  the  lower  hinge  of 
the  box,  and  the  hinge  is  connected  with  the  binding  post, 
£,  by  a  wire  that  includes  the  primary  wire  of  the  small 
induction  coil  seen  in  the  comer  of  the  box.  The  second- 
ary  wires  of  the  induction  coil  are  connected  with  the  bind* 
ing  poHts,  a  b. 

The  inclined  surface  of  the  lower  end  of  the  casting  is  en- 
gaged l>y  an  adjusting  screw  which  passes  through  the  lower 
arm  ul  tlie  Iraint:,  A.  By  turning  this  screw  one  way  or  the 
other,  tlic  s|>riiigs,  D  E,arc  made  to  press  with  more  or  less 
force  uj^nn  llie  diaphragm,  and  the  contact  between  the 
platinum  t>utton  and  the  carbon  is  varied. 

\\\%'  binding  posts,  c  d,  are  connected  with  a  battery. 
The  binding  posts,  a  b^  are  connected  with  a  telephone  line, 
Inchfdiri^  llir  rt'criviiig  telephones,  usually  of  the  Bell  form, 

Th#*  i^rifiiary  c  IK  rent  passes  through  the  springs,  D  E, 
iimJ  the  primary  wire  <*1  the  induction  coiL     The  vibrations 
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electrical  contact-     A  magneto  bell  is  generally  employed 
in  connection  with  this  transmitter  for  calling. 

For  long  distance  telephony  the  Exiison  carbon  button 
transmitter  is  supyerior  to  the  Blake. 


TELEPHOXE   CIRCUITS. 


The  annexed  diagram  shows  all  of  the  electrical  con* 
nections  for  one  end  of  a  telephone  line,  both  ends  being 


Fig.  55S, 
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alike.  The  cc^nncctions  are  shown  in  condition  to  call  or 
receive  a  ealK  When  a  call  is  received,  the  current  passes 
from  the  line  throuj^^h  the  switch,  E,  button,  i,  key,  top  con- 
Tait  of  the  kev»  bell  magnet,  and  ground  wire,  A,  to  the 
giDiind. 

When  the  key  is  depressed  to  call  a  distant  station,  the 
kc'\  t(»iu  Uis  ihc  1().\  er  contact,  on  the  battery  wire,  B,  send- 
ing thr  I  III  lent  tln'oiij;li  the  button,  1,  switch,  E,  and  line  ta 
ihr  hell  and  j;t«niiul  ol  tlie  distant  station.  The  current 
^clllfIl^  \}\  llic-  ^lonnd  and  uires,  A  C,  to  the  battery. 

Alin   i.dlin^,  the*  switch,  1\,  is  moved  to  button,  2,  and 
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the  switch,  F,  being  connected  with  the  switch,  E,  by  an 
insulating  connection  is  at  the  same  time  moved  to  button 
4,  as  shown  in  dotted  lines.  Now  the  line  connection  is 
through  the  switch,  E,  button,  2,  wire,  G,  receiver,  the  sec- 
ondary wire  of  the  induction  coil  to  the  ground. 

The  switch,  F,  when  turned  as  described,  completes  the 
local  circuit,  the  current  passing  from  one  cell  of  the  battery 
through  the  wire,  D,  switch,  F,  button,  4,  transmitter,  pri- 
mary of  the  induction  coil  ground  wire.  A,  and  wire,  C. 

The  connections  are  now  arranged  for  talking.  Should 
the  transmitter  be  of  the  class  capable  of  withstanding  a 
heavy  current,  the  wire,  D,  will  be  connected  so  as  to 
include  all  of  the  elements  of  the  battery,  and  the  wire,  B, 
instead  of  being  connected  with  the  battery  will  be  con- 
nected with  the  button,  3. 

The  diagram  shows  the  connections  adapted  to  the  class 
of  transmitters  employing  but  a  single  battery  element  and 
to  a  line  requiring  several  cells  of  battery  to  call.  If  a  sin- 
gle cell  of  battery  is  sufficient  to  call,  the  wire,  B,  will  he 
connected  with  button,  3. 

When  a  magneto  call  is  used,  it  is  inserted  in  place  of  the 
bell. 

MICROPnONES. 

The  microphone  shown  in  Fig.  559  has  a  wooden  dia- 
phragm one-eighth  inch  thick  and  four  inches  square,  which 
is  glued  to  a  narrow  frame  supported  by  suitable  legs. 
Two  pieces  of  battery  carbon,  A  B,  are  secured  by  means 
of  sealing  wax  to  the  diaphragm  about  an  inch  apart  and  at 
equal  distances  from  the  center.  They  are  both  inclined 
downward  at  about  the  angle  indicated  in  the  engraving, 
say  30°.  The  carbon,  A,  is  longer  than  the  carbon,  B,  and 
has  in  its  under  surface  three  conical  holes — made  with  .1 
penknife  point — which  are  large  enough  to  receive  the 
upper  ends  of  the  graphite  pencils,  C.  The  lower  ends  ol 
the  pencils  rest  in  slight  cavities  in  the  lower  carbon.  The 
pencils,  C,  are  small  rods  of  electric  light  carbon  sharpened 
at  each  end  and  placed  loosely  between  the  carbons :  they 
are  inclined  at  different  angles,  so  that  the  motion  of  the 


has  a  piece  of  battery  carbon,  D,  secured  in  an  inclined  posi- 
tion to  the  diaphragm  near  the  middle,  by  means  of  sealing 
wax.  Three  carlK>n  pendants,  E,  of  different  sizes,  are  sus- 
pended hv  very  tine  wires*  si>  that  they  rest  upon  the  upper 
mirface  of  the  carl>on»  I>.  The  three  fine  wires  are  all  con- 
nected with  imc  ol  thr  hatter>^  wires,  and  are  fastened  at 
miitable  distanies  apait  lo  the  tace  of  the  diaphra^i  by  a 
drop  ol  Healing  wax.  A  tine  copper  wire  is  wound  around 
the  <Mrlw»n,  !)♦  and  connected  with  the  battery. 
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These  instruments  are  used  as  transmitters;  a  Bell  tele- 
phone is  used  as  a  receiver.  By  using  a  number  of  rods, 
pencils,  or  pendants  instead  of  a  single  pencil,  as  in  the 
Hughes  microphone,  much  of  the  jarring  is  avoided,  while 
it  is  capable  of  transmitting  the  sound  of  the  ticking  nf  a 
watch,  the  tramp  of  a  fly  or  an  ant,  the  crumpling  of  paper, 

Fig.  560. 


'^ 


/ 


Microphone  with  Pendants. 

whfstling,  instrumental  and  vocal  music,  and,  under  favora- 
ble conditions,  articulate  speech,  whispering,  etc. 

ELECTRICAL  MAGIC. 

Electricity  in  its  ordinary  evcry-day  uses  surpasses  all 
the  feats  of  the  ancient  magi  or  modern  prestidigitators. 
Sending  light,  heat,  power,  signals,  and  speech  to  a  dis- 
tance over  wire,  the  phenomena  of  induction,  the  transfer 
of  metals  as  in  electro-metallurgy,  and  the  numerous  other 
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uses  to  which  electjidtx  is  appaied  in  the  arts,  are  all  truly 

iDTSterious. 

The  application  of  elecniciTT  to  magical  operations  is 
quite  common,  but  it  is  capable  of  more  exteixied  and  more 
traective  uses. 

The  few  examples  shown  in  the  enCTaTings  arc  such  as 
afford  entertainment  and  give  practioe  in  the  applications 
of  electricity. 

The    mysterious  drum,   shown  in    Fig.  561,   has    been 
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constniLteii  in  various  forms.  h  :s  designed  to  beat 
bv  mcanN  iiuisiblc  and  undiscoverabJe  without  removing 
the  dnnn  heads.  The  drum  is  suspended  from  what  appears 
to  \h:  an  onhnary  hiH>k,  and  the  o]:*erative  parts  are  con- 
ccaleil  so  as  to  be  invisible  either  thr\:»ugh  the  translucent 
heads  or  throuijh  the  embouchure.  The  drum  is  suspended 
I  nun  the  rinj^.  C.  by  chains,  A  B.  or  by  straps  concealing 
metalhc  wires.  The  Strew  nnsr>  extending  through  the 
bi»dy  f>l  the  drum  ct>mmunicate  eUctrically  with  the  magnet, 
I),  which  is  placed  no  near  the  embouchure  as  to  be  incapa- 
We  lA  bein^  seen  throuijh  it.     The  armature  of  the  magnet 
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is  supported  veiy  near  its  poles  bj  an  an^le  plate  rigidly 
secured  to  the  body  of  the  dmm.  as  sbown  at  2,  Fig.  561. 
The  chains,  A  B,  touch  metallic  contact  pieces,  a  a.  embedded 
in  the  inner  suriace  of  the  ring,  C,  wtich  mav  be  either 
wood  or  rubber.  These  contaxrt  pieces  at  their  upf>er  ends 
touch  on  opjxtsite  sides  of  the  hook,  E.  This  hook  is 
divided  verrically  into  two  fiarts  throughout  its  length,  the 
two  jx>rdons  being  seftaraied  br  a  thin  piece  of  mica,  as 
shown  at  3,  and  bound  together  by  a  hard  rubber  knob  at 
the  outer  end,  and  hard  rubber  ring  or  base-piece  near  the 
end  inserted  in  the  walL  The  two  halves  of  the  hc»ok  arc 
connected  with  battery  \^-ires  leading  t-j  sc>me  distant  point, 
and  an  interrupter  wr>rked  by  hand  or  clockwork  is  put  in 
the  electrical  circuit.  A  wheel  notched  according  to  the 
kind  of  call  required,  attached  to  the  revc»h"ing  s]:»indle  of 
a  spring  mc>tor  and  touched  by  a  contact  spring,  makes  a 
good  interrup^ter  f c»r  this  ]:»urf>ose. 

This  device  is  puzzling  to  the  uninitiated,  as  it  is  impos- 
sible to  see  hc>w  the  results  are  r»btained  without  dismem- 
bering  the  apfiaratus.  By  ineans  c>:  a  sf»ur  in  each  heeL 
and  wires  eirtending  under  the  ^^Lrments  tc>  the  hands,  it  is 
possible  to  transfer  the  drum  from  its  hcK»k  to  the  finger 
and  secure  the  same  results,  i^ro-i-ided  two  k>ng  conducting 
plates  or  strifrs,  to  be  t.c>uched  by  the  si-urs.  are  placed  be- 
neath the  carpet,  and  connected  with  the  battery  and  inter- 
rupter. The  removal  C'f  the  drum  frc-ra  the  hook  tc»  the 
finger  adds  another  element  c-f  mysxtry  to  the  device. 

Much  that  cannc^t  be  c^tberwise  satisfactorily  explained 
is  charged  to  the  sup»ematuraL  The  f'henomcnal  sounds 
said  to  be  evoked  f rc»m  ta"!:»jes  by  the  weird  inhabitants  of  the 
spirit  world  may  be  very  successfully  imitated  by  means  ol 
simple  electrical  contrivance  shc-wn  in  Fig.  562,  and  not 
onlv  mav  the  raprs  tie  f>rc»duced.  but  sej:)u]chral  voices  mav 
be  heard  from  the  face  of  the  table. 

The  table  top  consists  of  two  piarts.  the  thicker  p»ortion 
being  ix^owed  cnit,  so  as  tr»  ic»rm  a  circular  cavity  in  the 
middle,  surrounded  by  an  annular  ca^-ity.  The  whc»le  is 
cxjrered  with  a  top  about  one-eighth  of  an  inch  thick.  The 
tabic  standard  is  hollow,  and  chambered  c»ut  sufficient v  at 
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the  lower  end  to  receive  a  compactly  made  Leclanche  bat* 
tery,  which  rests  in  the  cap,  G,  fitted  to  the  lower  end  of 
the  standard.  From  the  battery  two  wires  extend  to  springs 
in  the  cap,  G,  and  these  springs  touch  two  semicircular 
pieces,  H,  of  metal  attached  to  the  inner  surface  of  the 
chamber  containing  the  battery  (see  Fig.  562),  so  that  when 

Fig.  502. 
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Rappinp  and  Talking:  Table. 


the*  battrry  is  in  |)l:uv,  one  of  its  conductors  will  touch  one 
ol  tlir  piturs  ol  metal,  and  the  other  spring  will  touch  the 
othci  \)\cn\  V\\v  two  semicircular  pieces  of  metal  are  con- 
iirc  tc'd  with  t\V(»  \vir(\s  extendiui^  upward  through  the  table 
htaiidaicl,  one  wire  l>ein^  connected  with  a  serrated  metallic 
hoop,  l\  placed  in  the  annular  space  in  the  table  top;  the 
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Other  wire  is  connected  with  one  terminal  of  an  electro- 
magnet whose  other  terminal  is  connected  with  a  flat  metallic 
ring  attached  to  the  thin  portion  of  the  table  top  and  located 
immediately  above  and  ver\-  near  the  serrated  hoop,  F,  but 
not  touching  it.  Now,  by  placing  the  hand  flat  upon  that 
part  of  the  thin  cover  of  the  annular  space  in  the  thicker 
portion  of  the  table  top,  and  pressing  so  as  to  spring  the 
cover  ever  so  little,  the  electrical  circuit  is  closed  and  the 
electro-magnet  draws  down  the  armature  which  is  attached 
to  the  thin  table  top  near  the  poles  of  the  magnet,  but  not 
touching  them.  This  makes  a  loud  rap,  and  when  the  elec- 
trical  circuit  is  broken  by  remo\'ing  the  pressure,  a  similar 
rap  is  produced-  The  movement  of  the  hand  in  this  opera- 
tion is  imperceptible. 

From  each  of  the  wires  eictending  upward  in  the  stand- 
ard, a  wire  extends  down  one  of  the  table  legs,  and  termi- 
nates in  a  single  point,  haWng  sufficient  length  to  pass 
through  a  carpet  and  touch  two  plates  of  metal  communi- 
cating with  a  transmitting  telephone  or  with  a  telegraph 
key  and  battery.  With  the  former  the  table  answers  as  a 
recei\'ing  telephone,  and  the  magnet  will  be  more  efficient 
for  this  purpose  if  it  be  polarized.  When  the  key  is  used, 
the  raps  may  be  produced  by  some  one  operating  the  key 
at  a  point  remote  from  the  table.  In  either  case  a  confed- 
erate is  required. 

By  placing  conductors  under  the  carpet  at  different 
points,  the  table  may  be  moved  about  to  enhance  the 
delusion. 

Fig.  563  shows  insects  that  appear  to  be  animated  when 
disturbed,  and  as  they  are  similar  in  construcdon,  the  descrip- 
tion of  one  will  answer  for  both.  The  pot  containing  the 
plants  upon  which  the  insects  are  mounted  is  broken  away  in 
the  engraving,  to  show  the  interior,  and  the  dragon-fly  is 
shown  in  section  at  7,  in  Fig.  2^^.  This  is  nothing  more  nor 
less  than  a  vibrator-interrupter,  made  in  the  form  of  a 
dragOD-flj,  with  mica  wings  attached  to  the  vibratory  spring 
and  stnped  with  asphaltum  varnish,  in  imitation  of  nature. 

The  body  ot  the  fly  consists  of  an  iron  wire  wrapped  for 
a  part  of  its  length  with  Xo.  30  silk-covered  wire,  forming 
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a  small  electro-magnet,  whose  armature,  b,  is  attached  to  a 
spring  forming  a  part  of  the  back,  and  fastened  at  t  to  the 
wire  forming  the  core  of  the  magnet,  by  means  of  binding 
wire  and  jeweler  s  cement  or  sealing  wax*  One  terminal  of 
the  magnet  wire  communicates  through  one  of  the  legs  of 
the  fly  with  a  wire  nmning  through  the  stalk  of  the  plant 
to  the  carbon  pole  of  a  small  Leclanche  battery  concealed 
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Electrical    Orasron-Flv. 


in  the  flower  pot.  The  other  terminal  of  the  magnet  wire 
is  connected  with  the  vibrator  spring  at  c.  The  free  end  of  the 
vibrator  spring  extends  from  the  armature,  b,  downward,  and 
is  provided  with  a  platinum  contact  screw,  d,  which  touches 
the  contact  spring,  r,  the  latter  being  in  electrical  communica- 
tion with  a  button  on  the  under  side  of  the  flower  pot  cover, 
which  is  touched  by  a  spring  attached  to  the  side  of  the 
pot.     This  spring   is  connected  with  a  wire  that  extends 
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downward  and  termmates  in  several  points  di^x>sed  about 
a  circle  concentric  with  the  bottom  of  the  pot.  The  zinc 
pole  of  the  battery  is  provided  with  a  wire  ba%ing  several 
temnnal  pcHBts  alternating  with  the  points  preriouslj  men- 
tiocied.  The  bottom  of  the  pot  is  stightlr  concave,  and 
contains  a  small  quantity  of  mercury^  which,  in  conse- 
quence of  its  g^cat  mobility,  completes  the  electrical  circuit 
between  some  of  the  wire  terminals  in  the  bottom  of  the 


/ 


7. 


Fmj.  564, 


\ 


8. 


pot  when  the  latter  is  taicen  in  the  hand  and  moved  ever  so 
Kttle, 

The  battery  is  of  small  size,  the  jar  cofiasting  of  a  com. 
mon  tumbler.  When  the  de^-ice  is  taken  in  the  hand,  the 
wings,  which  are  attached  to  the  \ibrator,  spring  imme- 
diately, tremble,  and  buzz  in  true  insect  fashion.  If  the 
plants  and  insects  are  finely  made,  they  are  sure  to  be  taken 
in  the  hand  for  examination,  when  the  latter  will  exhibit 
signs  of  life. 


Experiments 


SNCE* 


The  butterfly  shown  in  perspective  at  7,  Fig.  564,  and 
in  transverse  and  long-itiidinal   section  at  8  and  9  respec- 
tivelj,  is  intended  to  be  placed  upon  lace  curtains  or   on 
a  picture  frame.     The  body,  as  in  the  case  of  the  dragon-fly,      | 
consists  ot  an  electro-magnet  having  its  polar  extremity,  /'»^^ 
returned  upon  the  magnet  wire.     The  back  of  the   butter*^^ 
fly  consists  of  an  iron  shell  swaged  into  the  proper  form  and 
attached  to  the  smaller  end  of  the  magnet  by  means  of  3^^ 
screw,  ^.     To  this  shell  are  pivoted  on  delicate  pivots,  y>^( 
two  small  armatures,  /,  which  extend  downward  over  the 
returned  pole  extension  of  the  magnet.     These  armatures 


Fig.  565. 


carry  the  natural  wings  of  a  butterfly,  and 
as  the   pulsating    electrical    current    runs 
through  the  magnet  the  wings  are  vibrated 
in  accordance  with  the  intervals  of  opeaj 
and  closed  circuit. 

The  electrical  impulses  may  be  cor 
trolled  by  hand  or  by  clockwork,  or  by^ 
means  of  an  electric  pendulum  intcrrup-J 
ter,  shown  in  Fig,  565.  The  current  whichj 
passes  from  the  batter}-,  //,  through  the 
butterfly,  passes  also  through  the  mag-  ^ 
net,  /%  of  the  interrupter,  through  the^| 
pendulum  rod,  /,  and  thnmgh  the  mer-™ 
cnry  contact  cup,  ///.  When  the  pendu- 
lum is  drawn  toward  the  magnet,  the 
circuit  is  broken ;  when  the  pendulum 
is  released  the  circuit  is  instantly  closed,  and  the  pendulum 
is  drawn  forward  again.  The  electrical  pulsations  produced 
in  this  way  move  the  wings  of  the  butt  rfly  more  or  less^H 
rapidly,  according  to  the  length  of  the  pendulum.  ^^ 

Three  or  four  of  these  butterflies  may  be  controlled  by  a 
single  pendulum.  These  objects  placed  on  a  lace  curtain 
are  amusing  and  make  '-ery  pr  tty  ornaments. 

The  fine  wire  forming  the  conductor  may  be  w^hite  cot- 
ton-covered, which  may  be  easily  concealed  in  a  lace  cur- 
tain. 


Current  Breaker. 
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CHAPTER     IV. 

LANTERN   PROJECTION. 

As  a  means  of  illustration,  nothing  can  excel  projection 
by  means  of  a  good  optical  lantern.  Not  only  can  pictures 
and  diagrams  be  shown  clearly  to  a  large  assemblage,  but 
apparatus  of  various  kinds  may  be  projected  on  a  mammoth 
scale,  many  chemical  actions  may  be  exhibited,  the  pheno- 
mena of  light,  heat,  ^electricity,  and  magnetism  may  be 
shown  in  various  ways.  In  fact,  there  is  scarcely  a  branch 
of  physics  that  may  not  be  illustrated  in  this  way.  The  lan- 
tern is  becoming  deservedly  popular  in  colleges  and  schools 
and  for  private  use.  Besides  being  of  great  use  for  general 
instruction,  it  affords  a  means  of  rational  amusement  and 
entertainment. 

A  poor  lantern,  like  any  other  inferior  piece  of  appara- 
tus, is  undesirable.  For  scientific  work  the  lantern  should 
have  a  triple  condenser,  a  rectilinear  objective,  a  swinging 
front  for  the  vertical  attachment,  a  calcium  or  electric 
light,  polariscopic  and  microscopic  attachments,  an  erecting 
prism,  and  an  alum  or  water  tank.  Such  an  instrument  may 
now  be  purchased  for  a  reasonable  price,  so  that  there  is  no 
economy  in  making  one's  own  instrument.  It  will,  how* 
ever,  be  found  advantageous  to  make  the  attachments. 

THE   SCIENTIFIC    USE   OF   THE   TOY  NLVGIC    LANTERN. 

A  toy  magic  lantern  is  generally  considered  as  worthless 
as  any  piece  of  apparatus  one  can  own.  Usualh-,  in  these 
instruments,  the  source  of  light  is  unsatisfactory,  the  light 
is  wasted,  and  the  little  light  finally  rendered  available  is 
passed  through  imperfect  lenses,  yielding  results  which  are 
anything  but  pleasing.  Generally,  toy  lanterns  have  been 
made  without  condensers,  and  almost  without  exception 
they  are  found  to  be  of  an  odd  size,  which  will  not  receive 
an  ordinary  lantern  slide,  so  that  the  user  must  remain  con- 
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tent  with  the  daubs  usually  accompanying  such  instruments. 
Recently,  however,  some  improvement  seems  to  have  been 
made  in  this  direction.  In  looking  about  for  a  simple  lan- 
tern, suitable  for  certain  experfmental  work,  a  type  of  lan- 
tern was  found  which  in  cheapness,  compactness,  generally 
good  design,  finish  and  efficiency,  is  superior  to  many  that 
were  examined.  Still  it  has  a  serious  defect,  that  is,  con- 
siderable spherical  aberration ;  but  this  can  be  easily  reme- 
died by  replacing  the  front  lens  of  the  objectiv^e — which  is 
a  double  convex  of  four  inch  focus — with  a  meniscus  (peri- 
scopic)  spectacle  lens  of  the  same  focus. 

This  lantern  is  shown  in  side  elevation  in  Fig.  566  and  in 
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Simple  Magic  Lantern — Elevation  and  Section^ 


section  in  Fig.  567;  respectively.  It  is  made  of  several  sizes, 
but  (he  si/c  which  costs  S3.;5  or  $4  is  as  small  as  can  be  used 
tnudvaiitii^c  in  the  experiments  illustrated  in  the  annexed 
engravings. 

Ttu'  lantern  is  I2i  inches  high,  including  chimney;  the 
cylindrical  budy  is  5  inches  in  diameter  and  6i  inches  long* 
The  back  of  the  body  is  closed  by  a  spun  concav^e  reflector. 
The  ciHidcnser  is  a  double  convex  lens  2f  inches  in  diame- 
ter and  4  inches  focu!^.  1  he  rear  lens  of  the  objective  is  a  dou- 
ble convex,  2i  inches  diameter  and  5*  inches  focus,  and  the 
front  lens  is,  as  already  stated,  4  inches  focus  and  its  diameter 
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is   li  inches.     The  optical  combination  is  not  the  best  that 
<:an  be  devised,  but  it  answers  a  very  good  purpose. 

The  lamp  has  a  kerosene  burner  of  approved  type,  and  is 
provided  with  a  tall  chimney,  which  insures  perfect  combus- 
tion and  a  white  tight.  The  reservoir  of  the  lamp,  as  well  as 
the  objective  tube  and  lantern  chimney,  are  nickel  plated. 
The  space  in  which  slides  are  introduced  is  ^i^  of  an  inch  too 
narrow  for  average  slides,  but,  if  desirable,  a  clever  tinsmith 
-can  correct  this  in  a  very  short  time. 

Fig.   c63 


Vertical  Aluchintiu 

It  is  not  intended  to  treat  of  the  projection  of  pictures 
with  ihis  instrument  ;  l>ut  it  may  be  said,  in  passings  that 
the  latitern,  whrn  altered  as  suggested,  projects  a  very 
good  pit  turc,  five  i*r  six  feet  in  diameter.  A  little  camphor 
iiddt'd  to  the  kerosene  increases  tlie  light  perceptibly,  and  a 
(lean  chimney  iind  clean  lenses  go  a  longw^ayin  the  utili- 
Ziltiati  *tl  the  lif^^ht, 

1  he  nnmlier  ol  interesting  experiments  which  may  be 
m$ccc%h(ii\\y  jferlormed  with  this  little  hmtern  is  surprising. 
Certninly  u  lon^  evening  of  ralional  and  instructive  amuse- 
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ment  may  be  gotten  out  of  the  lantern  with  little  expense 
beyond  the  cost  of  the  instrument  itself,  and  with  very  little 
trouble. 

The  production  of  cohesion  figures  on  the  screen  is  a  sim- 
ple and  interesting  experiment.  Between  two  glass  plates 
of  a  width  suitable  for  the  lantern  is  placed  a  small  amount 
of  vaseline,  either  plain  or  colored  with  alkanine  or  aniline* 
The  plates  are  pressed  together  until  all  of  the  air  is  ex- 
pelled,  and  a  thin  film  of  vaseline  remains.  The  glasses  are 
then  clamped  together  by  means  of  two  stout  rubber  bands. 

The  slide  thus  prepared  is  placed  in  the  lantern,  and  the 
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point  of  a  knife  blade  is  introduced  between  the  upper  cor 
ners  of  the  glass  plates.  Upon  the  smallest  separation  of  the 
plates,  arborescent  figures  will  appear  on  the  screen,  which 
will  grow  as  the  plates  are  further  separated,  appearing,  as 
shown  in  Plate  VI 1 1 .,  like  a  growth  of  cactus  or  fern.  On  re- 
moving the  knife  blade,  the  plates  will  be  draw n  together 
by  the  rubber  bands»  and  the  figures  will  disappear.  The 
experiment  may  be  repeated  again  and  again  with  the  same 
charge  of  vaseline,  but  it  will  in  time  become  so  thin  as  to 
require  renewal. 

In  Fig.  56S  is  shown  an  attachment  for  converting  the 
instrument  into  a  vertical  lantern.     The  objective  is  remov- 


ed  from  the  lantern,  and  a  cigar  box  of  suitable  height  is 
^rnui^eij  with  iik  open  lide  next  the  front  of  the  lantern.  In 
the  tfitx  o[i|KiiiUc  the  condetiier  of  the  lantern  is  arranged  a 
piece  of  ordinary  Uniking  glass  at  an  angle  of  45''.  In  its 
fop  ife  made  a  hole  for  receiving  the  objective.  Inside, 
*iri  intli  and  a  lialf  from  it!«  upper  end,  is  arranged  a 
horij(<intui  transparent  glass  plate,  and  above  this  plate  the 
hi%  i*  cut  away  (Hagunally  across  the  comers,  leaving 
«jnly  iiiatenal  rrujugh  in  the  end  tn  hold  the  objective, 
A  lircijnd  mirror,  arranged  parallel  with  the  first,  is  sup- 
pi>r1e<!    over   the    end    tA    the    objective     and    serves    to- 

Fk;.   57U, 
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(hmw  tlu'  iiM.!^*  oil  the  wall.  If  the  experimenter  will  be 
niUiHhid  ^  it^l  ittuiges  on  the  reilinir.  rho  second  mirror  may 
bv  di*%|»vuiie(l  wIiIl 

l\w  tank  Hlu>\v!t  at  \,  bi^,  y>>,  is  ncsj;^nc-tl  to  hold  various 
IUiuUIm  M^tul  iu  expcriiiK  nts  in  the  vertical  Luitem,  It  con- 
Mintu  f»l  a  plaU*  i»l  ^^lass  to  which  is  secured  a  ring  of  tin,  by 
iiu%*Mh  ill  a  ii  Jucnt  coniiH>scd  of  pitch*  gutta  percha,  and 
iihilha,  •Hju^tl  t^ailH,  incited  together.  In  this  tank  may  be 
plwciHl  clean  water.  A  cambric  needle,  carefully  laid  on  its 
%U\v  on  Ihr  >ioh»ct  t»l  ihc  water,  will  tloat,  and  the  needle 
iiiul  di'prcfc*,HUm  m  the  water  loruied  by  the  needle  will  show 
|iU1hIv  iHi  tho  ficr4?«n.  If  the  needle  be  magnetized^  it  may 
u(  vowrniJ  be  *iHriicled  and  repelled   by  a  magnet.     A  feir 
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bits  of  gum  camphor  thrown  on  clean  water  will  move 
about  in  a  curious  way*  A  few  drops  of  a  solution  of  cam- 
phor in  benzole,  dropped  on  the  water,  yield  verj^  interest- 
ing  results.  Curious  effects  are  produced  by  a  drop  of 
some  of  the  essential  oils.  The  oils  of  cinnamon,  coriander, 
and  lavender  are  examples.  In  Fig.  569  is  shown  the  me- 
thod of  projecting  a  piece  of  apparatus  ;  in  the  present  case, 
a  radiometer.  The  objective  is  removed  from  the  lantern, 
and  supported  a  short  distance  in  front  of  it,  and  the  ap- 
paratus is  placed  between  the  lantern  and  the  objective. 
In  the  case  of  the  radiometer,  the  heat  of  the  lantern 


Prcjecting  the  Spectrum. 


causes  the  radiometer  to  revolve,  so  that  it  is  seen  in 
motion  on  the  screen. 

In  Fig.  570  is  shown  a  simple  device,  known  as  the 
opeidoscope.  It  consists  of  a  shon  paper  tube,  having  a 
thin  piece  of  rubber  stretched  over  it  and  tied*  A  small 
piece  of  mirror  is  cemented  to  the  center  of  the  rubber. 

The  perforated  card  shown  in  the  comer  of  the  engrav- 
ing is  inserted  in  the  lantern,  and  a  pencil  of  light  is 
allowed  to  fall  on  the  mirror,  and  when  different  notes  are 
sung  into  the  open  end  of  the  paper  tube,  the  reflected  pen- 
cil of  light  will  form  intricate  figures  on  the  walL 

In  Fig.  571  is  shown  the  method  of  projecting  the  spe<: 
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trum.  The  card  shown  alxive  the  lantern  has  a  central  Ion* 
gttudinal  slit  about  three-sixteenths  inch  wide.  This  card  is 
inserted  in  tlic  lantern*  and  the  slit  is  focused  oo  the  screen. 
An  ordinary  glass  prii^m  is  now  placed  in  front  of  the  ob- 
jcclive^  and  turned  until  the  best  effects  are  secured. 

l»>  1''K-  57^  '^  shown  an  experiment  in  double  refraction. 
Thc  perforated  card  shown  at  ii  is  inserted  in  the  lantern, 
and  the  objective  is  arrang;ed  as  described  in  connection 
with  Vi^*  56c),     The  aperture  of  the  card  is  focused  on  the 
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icreun^  iind  a  crystal  oi  Iceland  sj>ar  is  placed  between  the 
liMtietn  and  (he  objective*  Two  images  of  the  aperture  of 
the  (uhI  will  .i[»pcar  on  the  screen,  showing  that  the  ray 
him  been  tllvided  i>r  doubly  refracted  by  the  spar,  A  per- 
niiinnil  nuuuitin^;  for  the  spar  may  be  arranged  as  shown 
III  M,  Htr  *#piH  Ikimk  mounted  in  a  cork  fitted  to  a  tube 
iidiiplad  to  the  lantern  fnnit. 

Ill  Ft^.  SJ \  Ih  shown  a  device  for  producing  a  luminous 
(cHinliiin  A  tube  in  iilleil  to  the  rear  half  of  the  objective 
i\k\w  mii  vUmiHl  at  tl^c  rear  end  by  a  glass  disk,  cemented  in 
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by  means  of  the  cement  above  described-  The  frotit  end  of 
the  tube  is  cUjsed,  with  the  exception  of  an  orifice  three- 
^hths  inch  in  diameter,  in  which  is  inserted  a  smooth  tube 
jt  ooeJialf  inch  long.  A  nipple  projects  from  one  side 
of  the  fountain  tube,  for  receiving  the  rubber  supplj  pipe, 
wtiich  may  either  be  connected  with  the  house  water  supply 
or  ir  may  be  used  as  a  siphon,  talcing  water  from  an  elevated 
pail  or  tank.     OnU'  a  small  head  is  necessary  to  secure  the 


Fir, 


^desired  results.  The  stream  «rill  be  iUuminated  throughout 
its  entire  length,  if  a  smooth  flow  of  water  is  secured,  and 
it  may  be  tinted  by  inserting  colored  plates  of  srlas^  in  the 
slide  receiver. 

In  Fig,  574  are  shown  stime  curious  effects  '*i  r 
A  portrait  is  placed  in  the  lantern,  and  in  fronr 
placed  a  piece  at  wrmkled  window  gbss,  whtcfa  is  slowly 
mored  back  and  forth,  the  curred  surfaces  (d  the  gb» 
prnductng  distortions  cf    the  face    which   are  sometioies 
!ud]croti& 
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Fig 


I^  F%-  57S  ^  stioim  a  kaicidotropc  whkiii  SkmlgtHbts  per- 
:  of  THKiiL  A  card  havitig  sevei^al  cor^  at  snoU^ 
fiMiiaiiHiops,  s^  oae^igiali  inch,  is  cemented  al  its  oca 
tz>  one  end  of  a  dbort  spind  qni^,  the  cppONStt  etid  of  tlie 
qu3^  l>cnig  fymrimwi  tt a  piate  of  i^kss  whidi  &s  in  tiie, 
lutern.  B j  pbcnig  dss  fifide  in  the  lantern  azid  ^tnki  _ 
the  ciu^d  so  as  to  casae  it  to  vSirate  in  di&rexit  dircotiaciSH  a 
irreat  vmeij  <if  ctir\  es  will  be  dcKifliad  on  the  screen  br 
the  light  ^patB,  and  oiring  to  the  pei^sleiice  of  Tisiom,  these 
curres  irill  be  seen  as  cantinuoii«%  lines. 

A  disk  of  perf  aMtod  cardboard  or  tin  pirated  centrally 
to  a  plate  of  the  same  maiesial,  as  shown  in  Fig.  576,  exhibits 

a  certain  phase  of  interierenoe 
when  it  is  placed  in  the  Ian- 
tern  and  the  disk  is  re\'Dlved 
slowly*     This  is  a  very  gmple  I 
deirice.  but  it  is  wdl  worth  tfae : 
troobfe  of  inaking. 

F%.  577  shows  SL  cardboard 
£sk  provided  with  radial 
slots,  and  pavofeed  on  the  end 
of  a  handle.  It  is  de^^ed 
to  be  whirled  in  frosnt  of  the 
lantern   '  )pt  tiie 

iiiij-bt  be.i  effects! 

of  intermittent  fight  on  i3»0¥-  ] 
ixig  objects.     The  slide  sbou*n  in  Fur.  57^  is  des%;iiod  to  At 
the  tiring  ot  the  eye.  by  the  obser\  ation  of  a  seraictrciilar 
light  spot  on  lie  screen,  for  a  oonsideraldc  lei^^th  of  tiaie» 
dusn   quickly  pitmdmg  a  siimlar  spot,  havixtg  the  same 
ilhiTtiinarion,  for  comparison. 

Has  fM^  is  made  by  ciltln^ is  adip  trf  p&dteboard  two 
wmidrcslsr  lKiles»  wiA  a  bar  bcttpeen,  then  arnrngiBg 
card  to  corwr  lite  \cmer  semkirciilar  hole,  while  the  tipper^ 
imc  is  opes*  The  card  is  attached  to  oae  end  of  an  elas- 
tic liMidv  the  other  end  of  the  band  being  fastened  to  the 
slip.  The  card  is  provided  with  a  string,  by 
It  mav  l^  held  in  place  over  the  lower  aperture  of 
the  fclip.     After  ihc  slide  is  exposed  m  this  txmStkm  for  a 
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few  seconds,  and  the  eye  becomes  wearied  by  viewing  the 
white  spot  on  the  screen,  the  card  is  released,  and  the  rub- 
ber withdraws  it  from  the  lower  semicircular  aperture, 
when  both  halves  of  the  circle  will  appear,  and  although 
they  are  equally  illuminated,  the  half  longest  on  the  screen 
will  appear  much  darker  than  the  other.  The  slide  shown  at 
19  and  20,  Fig.  579,  is  designed  to  illustrate  the  wave  theorj^ 
of  light.  The  plate,  20,  which  fits  the  lantern,  is  made 
of  a  glass  photographic  negative  plate,  exposed  and  devel- 
oped to  render  it  opaque.  A  number  of  parallel  scratches 
are  formed  one-eighth  inch  apart  in  the  film  bj'  means 
of  a  large  needle.  The  slide,  19,  should  be  of  the  same 
width  as  the  plate,  20,  but  three  or  four  times  as  long. 
Upon  this  slide,  which  is  also  a  piece  of  negative  glass,  is 
scratched  a  sinuous  line,  covering  about  one-third  the  width 

Fig.  575. 


Kaleidotrope. 

of  the  plate.  This  line  is  easily  made  by  the  aid  of  a  sheet 
metal  pattern  laid  out  by  means  of  compasses.  By  placing 
the  plate  with  the  parallel  scratches  in  the  lantern,  and 
moving  the  slide  over  it,  a  scries  of  dots,  representing  ether 
particles,  will  be  seen  to  move  up  and  down  on  the  screen 
without  advancing,  but  the  waves  formed  by  the  dots 
move  on. 

At  21,  Plate  VIII.,  is  shown  a  device  for  illustrating  the 
compression  and  rarefaction  of  air  in  sound  waves.  This 
slide  differs  from  the  other  in  having  a  single  straight  slit  on 
one  glass,  and  on  the  other  glass  a  series  of  sinuous  slits 
gradually  advancing  in  position  in  the  series.  By  moving 
the  long  plate  over  the  short  one,  series  of  dots  represent- 
ing air  particles  will  be  seen  to  advance  toward  and  recede 
from  each  other. 

At  22  is  shown  a  vertical  tank  which  is  thin  enough  to 
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cnfer  in  the  place  o(  a  slide  in  the  lantern.    This  tank  i& 
I  '  o(  two  plates  of  glass  and  a  scg^raent  of  a  fruit  jar 

1  ring.     If  one  ring  is  not  thick  enough,  two  may  be 

usicd*     rhe  ring*  are  coated  on  opposite  sides  with  rubber 
cement,  and  immediately  placed  in  position,  and  the  glasses 
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arc  bound  together  b}^  means 
>t  st^ut  thread  or,  better,  fine 
wire. 

The  following  are,  in  brief, 
some  of  the  experiments  ta 
be  tried  with  this  tank.  Place 
in  it  clean  water,  and  while 
it  is  in  the  lantern  drop  in  a 
small  quantity  of  ink. 

Try  alcohol  or  glycerine  in 
water*  in  the  same  way*  Put 
in  a  weak  solution  of  nitrate 
of  silver,  add  a  small  drop  of 
j^olution  of  common  salt.  To 
a  weak  solution  of  blue  lit- 
iiu.s  add  a  little  vinegar t>r  other  acid.  The  solution  turns 
Fttnl ;  M\i\  a  little  amnu>nia,  and  the  solution  again  becomes 
Ului\  Thc!sc  arc  striking  experiments,  and  there  are  many 
flMiN  cquallv  K<H>d*  Uy  placing  two  wires  in  the  tank, 
htud  with  .uidulalcd  water,  as  at  24* and  attaching  a  bat- 
iery  o(  Huflicirnt   jniwer  ^^^^  ..g 

to  the  wires,  the  dcctmi- 
pMsilinn  111  watn  ni,i\  l>c 
Mnnvn, 

/\t  JJ,  rUte  \  IIL.  is 
nhown  ii  devitX'  lor  ex- 
hthttin^  rclrviction.  A 
"1,  li^vinK  H  jiiil  one- 
MxUiMHh  ot  an  inch  wide  and  about  two  inches  long,  is 
(li^urd  hi  the  lanleni,  and  in  frtwl  of  it  is  held  a  strip  of 
l»liitc  ^\m^.  So  long  tUi  the  glass  is  parallel  with  the  caid, 
i»     klliHt  in  pixnlmxHl :   but  \%hcn  the  glass  is  held  at 

lo  with  I  hi*  tacc  «^1  the  car\l«  the  line  of  light  passizig 
tluMiiiih  the  nHt  in  iKut  aaide  or  refracted- 
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Magnetic  curves  {26)  are  sboim  on  the  soneen  by  placing^ 
the  magnet  on  the  vertical  attachment,  placing  on  the  mag- 
net a  gloss  plate,  sprinkling  on  the  glass  a  ievr  iron  61ings« 
and  then  gently  tapping  the  glass  to  cause  them  to  arrange 
themselves  in  cur\"es. 

The  chemical  thermometer  (zf)  is  projected  after  warm- 
ing it  until  it  is  quite  blue,  then  dipping  it  into  a  glass  oi 
cold  water  in  the  field  of  the  lantern.  The  changes  from 
blue  to  pink  are  very  pretty-  The  change  begins  at  the 
outside. 

By  coating  glasses  with  solutions  of  various  salts^ 
crystallization  may  be  seen  in  progress  on  the  screen. 

B}'  means  of   a  simple  magnetic  needle  motmted  on  a 
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point  cemented  to  a  glass  plate«  and  used  in  the  rettical 
attachment,  various  experiments  in  magnelisin  may  be  per- 
fcmiied. 

No  attempt  has  been  made  to  treat  the  subject  exhai^- 
tivelv«  but  enough  has  been  suggested  to  show  that  a  con- 
siderable amount  of  experunentation  may  be  done  with  a 
cheap  lantern  and  easily  made  aooessories. 

KICRQSCOPIC  PROJECnOK. 

The  toy  lantern^  and  the  inexpensive  micrraoope  de- 
scribed in  previous  chapters^  are  pressed  into  the  service  of 
microscopic  pro)ectii>n,  the  lantern  serriog  as  the  illumina' 
tor,  the  microscope  stand  as  a  support  for  the  object,  and 
the  eyepiece  of  the  microscope  as  a  projecting  objectiTe, 
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To  arrange  the  microscope  for  projection,  the  focusing 
tube  is  withdrawn  from  its  guide,  the  draw  tube  is  removed 
from  the  focusing  tube  and  inserted  in  the  place  of  the 
latter,  after  being  wrapped  with  one  or  two  thicknesses  of 
paper  to  make  it  fit.  The  eyepiece  is  now  inserted  bottom 
up  in  the  draw  tube,  that  is,  with  the  eye  lens  next  the  stage 
of  the  microscope.  The  tube  is  then  turned  down  into  a 
horizontal  position,  as  shown  in  the  engraving  (Fig.  580),  an 
object  of  some  kind  is  placed  on  the  stage,  and  the  lantern 
is  arranged  so  as  to  project  a  bright,  sharp  image  of  the 
flame  upon  the  back  of  the  object.  The  illuminating  power 
of  the  lamp  may  be  increased  by  turning  its  flame  edgewise 
or  at  angle  of  45' . 

A  screen,  preferably  of  white  cardboard,  is  placed  about 
five  feet  distant  from  the  microscope,  and  the  image  is 
focused  by  sliding  the  draw  tube.  The  room  in  which 
the  rnicrr>scr>pe  is  used  must  be  made  as  dark  as  possible. 
With  these  ai>|)lianccs,  ordinary  objects  may  be  projected  so 
as  to  be  easily  visible  to  twelve  or  fifteen  persons.  The 
nearer  the  scene  is  to  the  microscope,  the  brighter  will  be 
I  he  inia^^e. 

The  <ryei)iccc  l)elon^in<^  to  this  microscope  is  of  the  nega- 
tive kind,  that  is,  the  iina^c  is  formed  between  the  eye  lens 
;iii(l  the  held  lens,  when  the  eyepiece  is  used  in  the  regular 
way.  Very  f^ood  results  may  be  secured  by  the  use  of  a 
sin^^hr  lens.  ICitherul  the  lenses  of  the  eyepiece  may  be 
us<'d  by  removing  the  other,  but  in  this  case  the  diaphragm 
nnist  !)<■  taken  out  to  allow  the  full  beam  of  light  to  pass. 

I'he  objects  that  may  i)e  shown  in  this  way  are  the  larger 
animalcules  found  in  staj^nant  water,  parts  of  insects,  sec- 
lions  ol  woud.  stems,  leaves,  etc..  crystals,  woven  fabrics, 
Jeaiheis,  etc.  I'he  objects  selected  should  be  as  thin  as 
l>«>>*sil>lc,  an<l  il  unmounted  should  be  pressed  flat  between 
t  wo  :;l.ixMS.  An  inex|>ensive  cell  for  containing  objects  in 
\\ji<rnia\  he  made  bv  pressinjj^  two  plates  of  glass,  one 
iui  l»  wide  :ind  three  inches  lon«j^,  upon  opposite  sides  of  one 
or  I  wo  s<''^inents  ol  a  rubber  Iruit  jar  ring,  and  binding  the 
^la^Ni's  together  uj^on  the  rubber  l)y  means  of  very  strong 
ihie.td. 


Annular  Oxyhjdrofrerj  Burner. 

they  issue  froni  their  respective  orifices,  is  perfectly  safe,  it 
bein^  impossible  for  the  ^ases  to  mix  in  the  tubes  or  g^as 
holders.  In  this  burner  the  central  or  oxv^en  tube  has  a 
conical  end  with  a  central  orifice  0*03  inch  in  diameter.  The 
hydrogen  tube  is  provided  with  an  adiiistable  cap,  having^  a 
central  orifice  0*1  inch  in  diameter.  The  cap  is  conical  in- 
ternally and  extenially,  and  when  properly  adjusted,  as 
shown  in  the  sectional  vnew,  the  thin  space  between  the  inter- 
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nal  surface  of  the  cap  and  the  conical  end  of  the  ox3*gen  tube 
forms  a  passage  tor  the  hydrogen,  which  directs  it  across 
the  path  uf  the  jet  of  oxygen.  By  this  simple  device  the 
gases  are  intimately  mixed  at  the  moment  of  ignition,  and 
the  result  is  a  clear,  intense  light  with  no  superfluous  flame 
and  with  c<jniparatively  little  free  heat.  The  performance 
of  the  burner  compares  favorably  with  those  that  mix  the 
gases  inside,  while  it  is  perfectly  safe,  and  may  be  used  with 
a  gas  cylinder  or  bag  of  oxygen,  and  with  ordinary  ilium- 
inating  gas  at  the  usual  pressure. 

A  simple  and  effective  device  for  turning  and  elevating 
the  lime  holder  is  shown  in  the  cut.  It  consists  of  a  spiral 
spring  soldered  to  the  lime  holder  spindle,  and  secured  to  a 
rod  extending  to  the  back  of  the  lantern.  It  is,  in  fact,  a 
small  use  of  the  **  flexible  shaft/*  By  turning  the  rod,  the 
lime  is  turned  and  elevated* 

THE  SCIENTIFIC   LANTERN, 

In  lantern  projection,  as  in  all  other  scientific  work,  the 
best  results  can  be  obtained  only  by  employing  the  best 
means.  While  a  cheap  lantern  may  have  considerable  utility, 
it  cannot  fully  satisfy  modem  requirements  in  the  line  of 
scientific  projection.  In  Fig.  582  is  illustrated  a  lantern 
which  is  adapted  to  all  kinds  of  projection,  and  which  may 
be  readily  shifted  from  one  kind  of  work  to  another.  It  is 
provided  with  an  oxy hydrogen  burner  and  with  an  electric 
lamp,  either  of  w  hich  may  be  used  at  pleasure.  It  may  be 
very  quickly  arranged  as  a  vertical  lantern,  and  all  of  the 
attachments  are  constructed  so  that  they  may  be  placed  at 
once  in  the  position  of  use  w^ithout  the  necessity  of  align- 
ment and  adjustment  in  each  case. 

The  frame  of  the  lantern  consists  of  cast  iron  end  piec^ 
having  rectangular  legs  attached  to  the  base.  To  the  sheet 
iron  top  is  attached  a  tall  chimney,  having  a  cow  1  at  the 
upper  end  for  confining  the  light.  Opposite  sides  of  the 
upper  portion  of  the  frame  are  provided  with  hinged  sheet 
iron  doors.  The  lower  part  of  the  lantern  frame  is  pro\^ded 
with  hinged  removable  doors,  which  may  be  used  to  close  in 
the  light. 
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The  front  is  furnished  with  a  plate  hinged  to  swing  in  a 
vertical  plane,  and  pro%aded  with  a  cell  for  containing  the 
outer  lens  of  the  condenser.  The  axis  of  this  lens  cell  coin- 
cides with  that  of  a  similar  cell  supported  by  the  tront  end 
piece  of  the  frame  and  containing  the  inner  lenses  of  the 
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condenser.  The  inner  lens  of  the  condenser  is  a  plano- 
convex, 4  inches  in  diameter  and  of  8  inch  locus,  arranged 
with  its  plane  side  toward  the  light.  The  two  outer  lenses 
arc  plano-convex,  5  inches  in  diameter  and  8  inches  focus, 
arranged  with  the  convex  faces  adjoining.  The  distance 
between  the  lenses  is  |s  inch.     The  combined  focal  length 
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is  aoout  2  inches,  measured  from  the  plane  face  of  the  rear 
lens. 

Prof,  A,  K,  EatoHj  of  Brooklyn,  has  devised  a  condenser 
in  which  the  inner  lens  is  a  meniscus  and  the  outer  and 
larger  ones  are  crossed  lenses.  It  is  used  in  many  scientific 
lanterns  and  is  very  effective. 

The  outer  or  moveable  lens  cell  projects  beyond  the 
hinged  plate,  and  receives  a  split  ring  provided  with  a 
shallow  internal   groove,  which  fits  over  a  corresponding 
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circumferential  rib  on  the  lens  cell.  This  split  ring  has  a 
tangent  screw  for  drawing  it  together,  so  as  to  cause  it  to 
clamp  the  lens  cell.  It  is  also  furnished  with  an  ear,  into 
which  is  screwed  a  bar  parallel  w4th  the  axis  of  the  lens.  To 
this  bar  are  fitted  the  slide  support,  the  supports  of  the  pro- 
jecting lenses,  the  apparatus  for  microscopic  projection,  the 
polariscope,  the  adjustable  table  for  holding  tanks,  pieces  of 
apparatus,  etc. 

As  represented  in  Fig.  582  the  lantern  is  arranged  for 
projection  of  pictures,  diagrams,  and  such  pieces  of  appa- 
ratus as  will  go  in  the  place  of  an  ordinary  lantern  slide. 


9* 


EXreRIMENTAL 


ESCE. 


rbc  objective  is  a  one-quarter  portrait  lens  of  good  quality. 
For  I  he  support  o(  tanks  and  other  vessels  for  projection 
the  table,  L  shown  in  Fi^r  >J^3*  is  used  in  place  of  the  slide 
holder. 

The  aiiachmenls  shown  in  Fig,  383  areemployed  for  the 
pn^jection  ol  micniscopic  objects.  The  engra\ing  shows  the 
pi>Uirisrt>f)c  in  place ;  but  this  may  be  removed  by  simply 
tAldng  the  short  tubes  which  contain  the  prisms  of  the  polar- 
izer and  analyater  tmt  of  the  sleeves.  ^  /,  The  stag^e  is  ar* 
nmge^l  so  that  it  may  be  rc^^jved  either  with  or  independ- 


%^V\ 
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iBUllv  o(  the  |^>Umm  aud  the  biter  oaj  be  irTolved  inde- 
|iMd<iUlv  ot  the  stiigt'.  Tlie  oliyectiTrs  are  supportsd  by  a 
nH^v;ilM<!  pUte,  which  swtef$  $0  js  tia  hns^  eitber  of  the 
^ili)«\^i\T9i  iiiK^  iKr  VHic^tH^«4  HEse.  A  anaU  cmicallT  pointed 
WK^  Ml  Vh^^  Ihi^i^  }4iit«^  MicillM£r«x(  its  tb»c  positSons. 
WtMNn  ii  i^  «ic94ix\)  n%  iiksr  %  l^M^gct  obfeciiTc.  tJbe  pbte 
iMV  he  »wuti|;  beK^^  ihe^«ip|NMiui£  lMtt;«^c«  the  objectrre 
Why  he  in^enrliMl  im  flie  slwttv/1  Tltts  mtwwmgtmcm  sd- 
mJtkA  va  4^^4TtlltBr  ^  ^jr^MKM  ^^  kiK^  Kr  wwtfiiagifd  crys- 
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it  is  advisable  to  always  interpose  the  alum  cell  or  water 
tank,  //,  between  the  condenser  and  the  Nicol  prism  or  the 
object,  to  intercept  the  heat,  and  thus  prevent  injury  to  the 
prism  or  object. 

The  table,  /,  which  supports  the  tank.  //,  is  made  adjust- 
able as  to  height  to  accommodate  different  objects  or  pieces 
of  apparatus.  In  front  of  the  microscope  attachment  is 
supported  a  centrally  apertured  disk,  which  prevents  stray 
light  from  reaching  the  screen. 

Ihe  sleeve  that  supports  the  objective  holder  and  the 
sleeve,/,  slides  on  the  tube,  a,  fitted  to  the  support  bar,  and 
is  provided  with  a  pinion  which  meshes  into  the  rack  on  the 
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Fig.  585. 


^f'K 


Ap{#UcatioD  of  the  Ninety  Degree  Prism 


tube,  a.  By  means  of  this  pinion  the  objectives,  together 
with  the  sleeve,/,  are  moved  out  or  in  for  focusing. 

In  Fig.  585  is  represented  a  polariscope  for  large  objects^ 
which  is  constructed  according  to  the  plan  of  Delezenne, 
but  modified  by  the  writer  so  as  to  utilize  a  right-angled 
totally  reflecting  prism,  such  as  is  used  for  presenting 
objects  right  side  up  on  the  screen ;  also  for  throwing 
the  beam  horizontally  from  the  vertical  attachment,  as 
will  be  described  later  on. 

The  black  glass  polarizing  mirror,  d,  is  arranged  at  the 
polarizing  angle  in  the  path  of  the  cone  of  light  proceeding 
from  the  condenser.  Below  the  mirror,  d,  is  supported  the 
right-angled  prism  with  its  reflecting  side  parallel  with  the 
mirror,  d.     The  beam  of  light  thrown  downward  by  the 
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black  glass  is  thrown  forward  by  the  prism.  A  revoluble 
itage^  c^  and  a  tube,  d^  containing  an  objective  and  analyzings 
prfenip  are  supported  with  their  axes  coincident  with  that  of 
the  light  beam  proceeding  from  the  pnsm«  r.  Focusing  is 
effected  as  in  the  other  case*  This  arrangement  is  par* 
ticularly  adapted  to  the  projection  of  designs  in  selenite  or 
mica«  mica  oonesy  semi-cylinders,  and  specimens  of  strained 

There  is  an  inappreciable  loss  resulting  from  the  angle 
formed  by  the  90*  sides  of  the  prism  with  the  incident  and 
emergent  beams.  The  polarizer  works  very  perfectly  and 
costs  only  a  small  fraction  of  the  amount  required  to  pur- 
chase a  Nicol  prism  of  the  same  capacity.  It  cannot,  of 
course,  be  revolved  ;  but  the  object  and  the  analyzer  can  be 
turned,  which  is  sufficient*  Verv  good  results  can  be  secured 
by  employing  a  plane  mirror  in  place  of  the  reflecting  prism. 
The  bar  which  projects  from  the  front  of  the  lantern  is  made 
in  two  sections*  connected  by  a  close-fitting  bayonet  joint  to 
give  It  sufficient  length  to  receive  the  various  attachments. 
Its  under  surface  is  provided  with  a  V-shaped  groove  for 
receiving  V-shaped  gibs,  carried  by  the  sleeves  of  the  clamp- 
ing screws  and  guided  by  slots  in  the  sleeves.  When  it  is 
desired  to  drop  any  attachment  out  of  the  way  temporarily, 
the  clan){itng  screw  may  be  loosened,  and  the  attachment 
may  be  tin ivrd  down  below  the  supporting  bar. 

For  su(  h  objects  as  must  lie  in  a  horizontal  position  when 
pn>jectrd»  the  hinged  plate  which  supports  the  outer  half  of 
the  condenser  is  raised  into  a  horizontal  position,  and  a  tri- 
angular casing  containing  a  mirror  is  placed  underneath  it. 
The  altachincnt  is  provided  with  short  studs,  which  enter 
the  hoiii  of  the  lantern  and  the  hinged  plate,  and  hold  it  in 
po$iitiont  The  reflecting  prism  (Fig.  585),  or  a  plane  mirror, 
is  plated  over  the  objective  to  direct  the  light  to  the 
lirrrrn. 

To  prevent  the  escape  of  stray  light,  a  wire  frame  is 
nllai  hed  \\\  \\\v  htvdy  of  the  lantern,  so  as  to  support  a  black 
liolh  cautipy,  which  i overs  the  entire  front  of  the  lantern 
AtuI  rxtrnds  downward  below  the  support  bar.  It  is  pro- 
vided with  an  aperture  in  front  for  the  passage  of  the  pro- 


LANTERN    PROJECTION.  9/ 

jected  beam.  In  addition  to  this  protection,  the  larger 
objectives  may  be  provided  with  disks  like  that  shown  in 
F^&-  583-  I^  "^^y  ^Iso  be  provided  with  a  hollow  cone, 
extending  from  the  rear  end  of  the  objective  toward  the 
object. 

These  precautions  in  regard  to  the  escape  of  light  are 
particularly  necessary  in  microscopic  and  polariscopic  pro- 
jection, which  require  a  thoroughly  darkened  room.  In  the 
projection  of  plain  microscopic  objects,  it  is  found  advan- 
tageous to  place  a  plano-convex  lens  of  three-fourths  inch 
focus  behind  the  stage.  In  many  cases  a  parallel  beam  of 
light  is  required  for  polarization.  This  may  be  secured  by 
introducing  into  the  cone  of  light  a  piano  or  double  concave 
lens  of  the  proper  curvature. 

An  analyzer,  formed  of  a  series  of  thin  glass  plates,  and 

Fi(,.    587. 


Course  of  ihe  Rays  ihrousrh  the  Erectinj?  Prism. 

arranged  to  show  both  transmitted  and  reflected  beams,  is 
desirable.  By  a  second  reflection  of  the  reflected  beam  it 
may  be  combined  with  the  transmitted  beam,  showing  that 
the  reunion  of  the  complementary  colored  beams  produces 
white  light. 

In  Figs.  585  and  586  are  shown  two  applications  of  the    \ 
90^  prism.      In  Fig.  586  it  is  shown  in  position  for  erecting 
the  image  produced  by  the  lantern.     The  course  of  the  rays    ^ 
is  clearly  indicated  in  Fig.  587, 

The  totally  reflecting  prism,  when  used  to  render  the   \ 
beam  horizontal  in  a  vertical  lantern,  is  arranged  as  shown 
in  Fig.  585  ;  /.  r.,  with  one  of  its  faces  at  right  angles  to  the 
beam,  and  with  its  reflecting  face  at  an  angle  of  45°  with  the 
beam,  or  approximately  so.  *" 

Probably  the  most  desirable  source  of  light  for  all  pur- 
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poses  is  the  oxy hydrogen  or  calcium  lig^hL  The  burocr 
shown  in  Fig.  582  is  an  excellent  one.  It  is  provided  with  a 
pblinum^tipped  jet  and  is  arranged  for  every  adjustment. 
The  lime  cylinder  can  be  revolved  and  raised  or  lowered. 
The  jet  may  be  adjusted  relatively  to  the  lime  so  as  to 
secure  the  best  results.  As  the  gases  are  mi^ed  inside  the 
burner,  they  should  be  taken  Irom  tanks  or  cylinders  in 
which  considerable  pressure  is  maintained.  Gas  bags  are 
unsafe  when  used  in  connection  with  a  burner  of  this  Idnd. 

Gas  cylinders,  when  used  with  care,  are  saie.  It  is  a 
good  plan  to  test  both  the  oxygen  and  hydrogen  before  con- 
necting the  cylinders  with  the  burner,  to  see  that  neither  o( 
the  cylinders  contains  an  explosive  mixture.  This  is  easily 
done  by  means  of  test  tubes  or  metallic  tubes  closed  at  one 
end.  This  tube  is  placed  over  the  nipple  of  the  coupling, 
and  a  small  amount  of  gas  is  allowed  to  flow  in.  The  gas 
is  shut  ofi  and  the  tube  is  instantly  closed  :  a  lighted  match 
is  placed  at  the  mouth  of  the  tube,  with  the  tube  open.  If 
the  gas  ignites  and  burns  quickly  at  first  and  then  goes  out 
with  a  pufl,  it  is  hydrogen  pure  enough  for  use ;  but  if  the 
gas  explodes  when  the  match  is  applied,  it  should  be  tried 
again  ;  if  it  explodes  the  second  time,  it  shows  that  the  mix- 
ture in  the  cylinder  is  explosive  and  should  not  be  used. 

When  a  match  is  applied  to  the  tube  containing  oxygen, 
it  simply  burns  brighter;  no  explosiijn  occurs. 

In  using  the  oxy hydrogen  light,  the  lime  cylinder  should 
be  adjusted  so  that  it  will  revolve  at  a  uniform  distance  of 
alxmt  y^  inch  to  ^^  inch  from  the  tip  of  the  burner.  The 
hydrogen  must  be  turned  on  first,  lighted,  and  adjusted  to 
form  a  flame  that  spreads  out  upon  the  lime,  and  is  2  or  2k 
inches  high  ;  the  oxygen  is  then  turned  on  until  the  light  is 
at  its  futt  brightness  and  only  a  small  fringe  of  red  flame 
appears  around  the  luminous  part  of  the  lime.  The  lime 
should  be  turned  a  part  oi  a  revolution  from  time  to  time, 
tu  present  a  new  surface  to  the  jet.  When  the  light  is  to 
be  extinguished,  the  oxygen  is  turned  off  first  and  then  the 
hydrogen. 

By  moving  the  burner  up  or  down  or  from  right  to  left* 
the  best  position  of  the  light  for  covering  the  screen  can 
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readily  be  determined,  and  by  moving  it  toward  or  away 
from  the  condenser,  the  correct  position  for  the  burner  rela- 
tive to  the  focus  of  the  lantern  can  be  secured.  The  burner 
must  be  moved  forward  when  the  screen  is  distant  and  in 
the  opposite  direction  when  the  screen  is  near.  If  a  solt 
lime  cylinder  is  used,  the  jet  is  liable  to  make  a  cavity  in 
it,  which  will  cause  the  flame  to  shoot  out  toward  the  con- 
denser. This  frequently  causes  the  breaking  of  the  con- 
denser, especially  when  the  burner  is  near  the  condenser. 
If  the  lime  is  apt  to  pit,  it  should  be  frequently  turned,  so 
as  to  bring  a  new  surface  opposite  the  burner,  and  the  gases 
should  be  turned  off,  so  as  to  diminish  the  force  of  the  jet. 
Some  lantern  users  place  a  thin  film  of  mica  i  or  ^  inch 
distant  from  the  condenser,  to  prevent  the  flame  from  strik- 
ing the  condenser. 

LANTERN     EXPERIMENTS. 

The  engravings  represent  a  few  examples  of  the  projec- 
tion of  simple  physical  experiments  upon  the  screen.  Be- 
sides a  lantern,  a  few  glass  tanks  with  parallel  sides  will  be 
required.  These  are  preferably,  but  not  necessarily,  made 
of  three  pieces  of  plate  glass,  one  a  thick  piece,  having  the 
shape  of  the  cavity  cut  out  of  it,  the  others  simply  flat 
pieces,  attached  to  the  opposite  sides  of  the  first  by  means 
of  marine  glue  or  other  suitable  cement. 

A  cell  made  of  plates  of  glass  clamped  on  opposite  sides 
of  a  bent  rubber  strip  serves  a  good  purpose.  It  is  a  great 
convenience  to  have  several  of  each  kind,  so  that  prepara- 
tions for  projection  may  be  made  at  leisure. 

In  Fig.  588  is  shown  the  well-known  experiment  illus- 
trating cohesion.  In  the  tank  is  placed  a  mixture  of  alco- 
hol and  water,  having  the  same  specific  gravity  as  olive  oil. 
Into  the  mixture  is  very  carefully  introduced  a  globule  of 
olive  oil,  which  may  be  colored  or  not.  The  oil  assumes 
ja  perfectly  spherical  form,  and  produces  a  very  interesting 
image  on  the  screen. 

In  Fig.  589  is  shown  the  method  of  projecting  the  expe- 
riment in  which  the  volume  of  equal  parts  of  alcohol  and 
-water  is  less  when  they  are  combined  than  it  is  when  they 
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The  absorptioti  of  gases  by  charcoal  is  readily  shown  itr 
the  manner  illystrated  in  Fig,  591,  A  glass  tube,  open  at 
both  ends,  is  dipped  in  mercury  contained  in  the  bottom  of 
the  tank.  A  cork  is  fitted  to  the  upper  end  of  the  tube. 
Carbonic  acid  is  poured  into  the  tube,  then  a  piece  of 
freshly  heated  charcoal  is  dropped  in.  and  the  cork  is  in- 
stantly replaced.  The  charcoal  absorbs  the  gas  rapidly, 
creating  a  partial  vacuum,  which  causes  the  mercury  to  rise 
in  the  tube  to  a  considerable  height. 

In  Fig,  592  is  shown  a  tank  containing  four  liquids  of 
different  densities,  the  densities  decreasing  from  the  bottom 


Fig.  592. 


Equilibrium  of  Liquids. 


Upward  This  is  simply  the  welt  known  experiment  of  the 
**  vial  of  four  elements/'  Ihe  liquids  are  mercur>*,  a  satu^ 
rated  solution  of  carbonate  of  potash  in  water,  colored  alco- 
hol, and  kerosene  oil.  This  simple  experiment  is  very  inter* 
csting  when  performed  in  the  usual  way  ;  but  when  it  is 
projected  upon  the  screen,  the  struggle  of  the  different 
liquids  to  regain  equilibrium,  after  having  been  thoroughly 
stirred  up,  is  striking. 

A  simple  and  efficient  rotator,  in  which  the  means  of 
communicating  rotary  motion  does  not  appear  on  the  screen, 
is  sho.vn  in  Figs.  593  and  594,  In  this  apparatus  a  glass 
wheel,  provided  with  a  brass  rim,  is  furnished  with  a  shaft 
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which  turns  in  a  hole  bored  in  the  center  of  a  thick  glass 
supporting  disk.  The  brass  rim  of  the  wheel  is  provided 
with  a  series  of  radial  vanes,  also  with  three  clamping 
screws  bearing  on  springs  in  the  interior  of  the  rim  for 
clamping  the  objects  to  be  rotated.     A  nozzle  attached  to 


Fm,  593, 
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Rotator  for  tin-  Lunictu. 


Fia  594. 


Section  of  Rotator, 


the  back  piece  is  arranged  to  direct  a  jet  of  air  upon  the 
vanes»  and  thus  cause  the  glass  wheel  to  revolve.  A 
Fletcher  blowpipe  bellows  furnishes  a  suitable  blast  for 
this  purpose. 

To  the  rim  of  the  glass  wheel  are  fitted  disks  for  blend- 

~  Fig,  595. 
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Neirtoa's  Disks. 


ing  colors  Among  these  are  Newton's  disks,  Fig.  595,  in 
one  of  which  the  colors  of  the  spectrum  are  four  times  re- 
peated»  also  a  Brewster's  disk.  These  disks  are  made  by 
attaching  colored  films  of  gelatine  to  glass,  or  by  tinting  the 
glass  by  means  of  colored  lacquer.    The  rotator  is  also  pro- 
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Fig.  596, 


vided  wath  a  circular  cell  filled  with  the  liquids  of  different 
densities,  to  which  allusion  has  been  made  in  a  previous 
article.  This  cell  when  at  rest»  appears  as  in  Fig.  597,  and 
when  in  motion  as  in  Fig.  598,  the  different  liquids  being 
compelled  to  assume  certain  relations  with  each  other  by 
centrifugal  force,  the  heavier  liquid,  a,  taking  the  position  as 
far  from  the  center  of  rotation  as  possi- 
^^^  ble.  the  liquids,  b,  c,  d,  arranging  them- 

^^  selves  in  the  order  of  their  densities. 

^S^  The  lantern  slide  shown  in  Fig.  599 

^^Ny^^^^^       forms  a  beautiful  object  for  projection 
K        J^^^^K       ^^  ^  screen.     The  slide,  which  is  htted 
^L^^^^^^v         to  the  lajitern,  has  a  circular  apertui 
^$^^^^^  fof  the  passage  of  light,  and  is  provide 

with  two  springs  for  holding  tw 
pieces  of  plate  glass  connected  together 
with  Canada  balsam.  The  upper  aitd  inner  corners  of  the 
glass  are  beveled  up  to  within  a  short  distance  of  the  ends, 
forming  a  groove  or  trough  for  the  reception  of  an  aqueous 
solution  of  some  of  the  aniline  colors.  A  lever  carrying  a 
pointed  knife  for  separating  the  glasses  is  pivoted  in  the 
upper  portion  of  the  slide.     At  ihe  ends  of  the  glasses 


Brewster's  Disk. 


Fig.  597. 


5^*^' 
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Action  of  Centrifugal  Force  on  Liquids. 


two  joining  edges  are  beveled — as  shown  in  the  small 
detail  view — to  receive  a  portion  of  the  surplus  balsam 
pressed  from  between  the  glasses.  This  extra  balsam  pre- 
vents the  entrance  of  air  from  the  ends  of  the  glasses. 

The  groove   formed   between   the  upper  edges  of  the 
glasses  being  treed  from  balsam,  is  filled  by  means  of  a  pipette 
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%vith  a  strong  aqueous  solution  of  one  of  the  more  brilliant 
aniline  colors,  and  the  slide  is  placed  in  the  lantern.  Now, 
by  gradually  pressing  down  the  lever,  the  glasses  are  sep- 
arated  by  the  entrance  of  the  knife  between  their  edges. 
The  arborescent  forms  grow  downward  in  the  sltde^  and 
the  aniline  color  fills  them,  while  upon  the  screen  huge 
ferns  and  cacti  grow  up  with  great  rapidity.  Any  of  the 
brighter  aniline  colors  will  answer,  but  green  seems  the 
most  appropriate,  as  the  exquisite  forms  that  appear  on  the 
screen  resemble  leaves  and  vegetation  more  than  an \  thing 
else. 


iC 


Lantern  Slide  for  projecting  Arborescenf  Forms. 


Without  the  application  of  color,  the  balsam  yields 
images  which  closely  resemble  richly  embossed  white  satin, 
the  form  of  the  figures  being  substantially  like  those  shown 
in  the  engravings.  Any  Wscid  substance  such  as  vaseline  or 
lard  will  exhibit  this  phenomenon,  but  the  balsam  gives  the 
best  results. 

The  annexed  engraving  shows  an  inexpensive  and  very 
simple  and  effective  device  for  exhibiting  the  action  of  the 
circulating  fountain  upon  a  screen.  It  consists  of  a  glass 
tube  of  small  diameter  bent  into  the  form  of  a  volute,  with 
the  inner  end  of  the  tube  extended  laterally,  and  then  bent 
vertically  and  provided  with  a  funnel  at  the  upper  extrera- 
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ily.  The  tube  ;ir  tlic  outer  end  of  the  spiral  is  bent  out- 
wnrrl  lii^H^lly,  then  downward  at  right  angles.  The  tube 
thus.  l>t'iH  h  rnuuntcd  on  a  board  having  a  circular  aperture 
a  lltiW  lari^er  than  rhe  spiral,  so  that  the  entire  spiral  may 

Uv  str«Mi^r|y  ilUimirurtt'tK  white  the  ends  of  the  tube  leading 
hi  ;iiit[  IrtMU  till*  spiral  arc  concealed  by  the  board. 

AIhivi'  thr  hiniu*!  is  sii[>parted  a   reser\^oir  with  a   fine 
ajutage,     the     rescrv<nr    being    provided  with   a   pointed 

Fkv  Chxj, 


WiHHicn  wmX  which  cMeads  down  into  the  tube  at  the  lower 
vud  *iiul  IvMiiui  ;4  Vt4lvc  ku  iT^uluting  the  Sow  of  liquid. 

X\kQ  lii|ui^l  emplovnl  i^  w;ftler  tu  whkh  bas  been  added 
siiime  Viiloiing  miiiicr,  such  as  amtiae  blue,  red*  or  green- 
\  icvv  dn>i>^  oi  ;inihnc  ri.\l  inkaaswen«t  for  this  p'irpose* 

I  he  ih>w  K>i  ihc  Ikiuid  in  started  by  loosening  the  val%-c, 
Mt  ih.U  ihc  wau^    '  I     1      -    '1^    fumielol  thetobe 

tivlow.     rhc  vii  -         ictude  air  spaces 

bvUvccn   ihc^uk.     \h^  tl^llHi  a.'^^  it  tssiies  brDm  iJie  ck>wn- 
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wardly  turned  end  of  the  spiral,  is  received  in  a  cup,  by 
which  it  may  be  returned  to  the  reservoir  to  be  used  again. 

When  it  is  desired  to  accelerate  the  motion  of  the 
liquid  in  the  tube,  a  short  rubber  pipe  is  connected  with  the 
downwardly  turned  end  of  the  glass  tube. 

The  glass  tube  is  about  one-sixteenth  inch  internal  dia- 
meter, and  the  spiral  is  three  and  one-half  inches  in  dia- 
meter. 

When  the  fountain  is  in  operation,  the  material  of  the 
spiral  appears  to  revolve,  but  each  convolution  at  a  differ- 
ent rate  of  speed,  owing  to  its  increasing  diameter.  When 
projected  with  a  good  lantern  and  a  strong  light,  it  becomes 
a  very  interesting  object. 

The  experiment  illustrated  in  Fig.  601  shows  the  great 
elasticity  of  certain  solid  bodies  and  the  almost  total  want 
of  elasticity  in  other  solid  bodies.  fig.  601. 

This   experiment   is   introduced  ^ 

here  mainly  on  account  of  its 
adaptability  to  projection  with 
a  lantern.  A  thick  plate  of 
glass,  a  small  slab  of  marble,  or 

i_    ^^  ,  t  ^  J       ^      1  Elasticity  of  Solid   Bodies. 

better,  a  bar  of  tempered    steel, 

is  supported  so  that  its  upper  surface  appears  in  the  field 
of  the  lantern.  A  small  glass  ball,  or  a  f  or  i  inch  hardened, 
ground,  and  polished  steel  ball,  such  as  is  made  by  the 
Simonds  Manufacturing  Company  for  ball  bearings,  is 
dropped  upon  the  glass  or  steel  from  a  measured  height 
within  the  field  of  the  lantern.  The  impact  compresses  the 
ball  and  the  plate.  At  the  instant  following  the  stopping 
of  the  ball,  the  ball  and  the  plate,  by  their  own  elasticity, 
return  to  their  normal  condition,  and  the  force  stored  by 
the  impact  is  given  out  instantaneously,  forcing  the  ball 
back  toward  the  point  of  starting.  If  undisturbed,  the  ball 
will  fall  and  rebound  again  and  again,  losing  a  little  of  its 
force  each  time  until  it  finally  comes  to  rest. 

By  substituting  a  lead  plate  for  the  glass  or  steel  plate, 
or  by  substituting  a  lead  ball  for  the  glass  or  steel  one,  it  is 
found  that  the  force  acquired  by  the  ball  in  its  descent  is 
expended  mainly  in  changing  the  form  of  the  plate  or  ball. 


u^ 
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iuul  tluU  UH  the  inclustic  nature  of  the  material  prevents  it 
tcjiiuininj^:  its  lonucr  shape,  there  can  be  no  rebound,  as  in 
tlic  other  case. 

The  pn)pcrtv  ot  chisticity  is  also  shown  by  the  collision 
UMh  illustratal  in  V'\^.  (K)2.  This  well  known  experiment  is 
ailapteil  to  the  lantern,  and  shows  well  on  the  screen.  Six 
ol  the  steel  balls  alrv*ady  referred  to  or  six  small  glass  balls 
o\  nun  hies  are  reijuiied.  Each  ball  is  provided  with  a  small 
nietallie  eve»  which  is  attached  by  means  of  cement  or 
luMble  metal  usevl  as  a  si>lder.  Five  of  the  balls  are  sus- 
penvleil  liom  the  two  wire  sup{.H>rts  by  fine  silk  threads,  so 
that  thev  all  han^  in  line  and  touch  each  other  very  lightly. 

Ku:.  002. 


v^vsliMvm  ':fiX4ts 


I  he  viMh  \ill  is  xu.v; vnvtevt  i>\  a  wtr^»  which  is  bent  down 
tv4^^vV4i  lUx'  Mi^»^Nnis  :v>  •vx.vive  a  tnr^au  which  extends 
ih;\H4^i»  ui  vw  aiiav:K>t  'a*  v.k'  ^i^*lvi*^s  and  senses  to  draw 
\ixN.  tac  \.i\ih  wa.  rSc  :.wvav!  >\  \%!>ich  rae  bail  is  moved 
■■x  ixs  'KHuvacKc -In  v  .N^sii^'X  v'l  \%*K>il\  vX^QceaLcd  bv  the 
NUj>^N*ik.v     l^N  xiia^^utj;^  \k<  :^us  t>ail  :a  the  onaniier  indi- 
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Cs  .:»uuct  wiilsfightLV 
^  uci-  j^^utact;  and  each 
i*.  'V  '.1^    le^c  and  so  ::n 

\  *".;l  -ertes-  fs  thrrjwn 
.'  c:^  return  ks  im- 
.-     -:;:.j.,.:\  iescrtbed.  but 
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across  the  end  o*  the  lodestone  and  dipped  the  second  time 
into  the  hlings.  This  time  the  tieetlie  takes  up  a  quantity 
of  the  fiUng:s,  showing  that  the  lodestone  has  imparted  mag- 
netic properties  to  the  needle* 

To  render  this  experiment  complete,  an  erecting  prism 
must  be  used  to  cause  the  image  to  appear  right  side  up  on 
the  screen. 

The  effect  of  a  hehx  on  particles  of  magnetic  material 
suspended  in  a  liquid  is  shown  in  the  experiment  illustrated 
by  Fig.  604,  which  is  arranged  for  projection  or  for  individ* 
ual  observation.  A  short  section  of  glass  tubing,  2%  inches 
in  diameter  and  J  inch  Icnig,  is  ground  true  and  smooth  at 
its  ends  and  clamped  between  two  plates  of  glass  with  inter- 
vening  rings  of  elastic  rubber.  Before  clamping  the  parts 
together,  one  end  of  the  glass  tube  is  cemented  to  the  pack- 
uig  ring,  which  in  turn  is  cemented  to  the  glass,  and  a  small 
quantity  of  fine  iron  filings  is  placed  in  the  cell,  the  cell  is 
filled  with  a  fifty  per  cent,  solution  of  glycerine  anda'cohol, 
and  a  helix  formed  of  five  or  six  laye^^s  of  No.  16  magnet 
wire  is  placed  upon  the  glass  tube.  The  remaining  packing 
ring  is  placed  on  the  end  01  the  glass  tube,  the  second  glass 
plate  is  put  in  position,  the  clamps  are  applied,  and  the  appa- 
ratus is  ready  for  use*  This  method  of  making  the  cell  leaves 
an  air  bubble,  which  is  needed  to  allow  the  liquid  to  expand 
freely. 

By  thoroughly  agitating  the  liquid,  the  iron  filings  will 
be  evenly  distributed  throughout  the  cell,  and  they  will  be 
prevented  from  falling  immediately  by  the  viscid  nature  of 
the  solution. 

When  a  battery  is  connected  w^ith  the  helix,  the  iron 
particles  arrange  themselves  at  right  angles  to  the  wire  and 
parallel  with  the  light  beam,  allow^ing  more  light  to  pass. 

The  effect  produced  in  the  magnetic  field  by  the  pri 
cncc  of  an  armature  is  shown  by  the  lantern  experiments 
illustrated  in  Figs.  605  and  606. 

In  Fig,  605  is  shown  a  permanent  magnet  having  the 
iorm  of  a  field  magnet  of  a  dynamo.  This  magnet  is 
cemented  to  a  plate  of  glass.  When  the  magnet  thus 
arranged    is   placed   in   a   vertical   lantern,  with   the  glass 
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uppermost,  and  a  few  fine  iron  filings  are  sprinkled  on  the 
glass,  the  usual  ma^^nctic  curves  are  formed.  The  lines 
will  extend  straight  acruss  from  one  polar  extremily  of  the 
magnet  to  the  other,  and  at  the  ends  will  be  formed  sym- 
metrical,   approximately    semicircular     curves.       When    a 
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The   Magnetic  Field. 

cylindrical  piece  of  iron,  representing  the  armature  core 
of  a  dynamo,  is  inserted  between  the  poles  of  the  magnet 
in  the  place  usually  occupied  by  the  armature,  the  lines  are 
deflected  inward,  becoming  j>erpendicular  to  the  periphery 
ot  the  armature*     The  iron   representing  the  armature   is 

Fig.  <jo6. 
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Effect  of  an  Armatuic  on  the  Magnetic  Field, 

cemented  to  a  second  plate  of  glass.  The  iron  particles 
arrange  themselves  in  a  more  pronounced  figure  if  the 
glass  plate  upon  which  they  are  sprinkled  be  jarred  slightly. 
In  Fig.  607  is  shown  a  method  of  forming  magnetic  curves 
ior  projection  in  which  the  iron  particles  slowdy  arrange 
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Fig,  609. 


slowly  toward  the  pole  pieces,  arranging  themselves  in  sym- 
metric curves. 

In  Fig.  608  is  shown  apparatus  for  the  projection  of  the 
static  discharge.  It  consists  of  a  stand  having  two  vulcanite 
columns,  in  the  upper  ends  of  which  are  inserted  adjustable 
brass  rods,  provided  with  brass  balls  at  opposite  ends.  The 
adjacent  balls  are  adjusted  to  the  striking  distance  and 
focused  on  the  screen.  The  light  for  projection  should  be 
only  strong  enough  to  show  an  image  of  the  balls.  When 
the  conductors  of  a  static  machine  or  induction  coil  are 
connected  with  the  brass  rods,  the  path  of  the  spark  will 
appear  as  a  brilliant  white  line  on 
the  screen*  The  discharge  of  a 
Leyden  jar  is  still  more  brilliant. 

The  apparatus  shown  in  Fig. 
609  is  designed  to  show  upon  the 
screen  the  experiment  known  as 
the  electric  fountain.  A  small  glass 
vessel  provided  with  a  capillary 
tubulure  at  the  bottom  is  sup- 
ported above  a  tumbler.  The 
vessel  is  filled  with  water  and  the 
capillary  aperture  allows  the  water 
to  drop  slowly  when  acted  upon 
by    gravity    only,    but    when    the 

Water  is  electrified  by  connection  Ei^^rical  Rcpulfion. 

with  a  static  machine  or  induction  coil,  it  issues  in  a  fine 
stream,  the  change  in  the  character  of  the  discharge  being 
caused  by  the  mutual  repulsion  ui  the  particles  of  water. 
In  all  these  experiments  an  erecting  prism  is  required. 

The  discovery  of  the  action  of  an  electric  current  upon 
a  magnetic  needle  was  made  by  Christian  Oersted  in  18 19. 
It  is  shown  by  experiment  that  the  magnetic  needle  tends 
to  arrange  itself  at  right  angles  to  a  conductor  carrying  a 
current. 

In  Fig.  610  is  illustrated  a  piece  of  apparatus  for  demon- 
strating this  fact,  either  to  a  few  individuals  or  to  a  large 
assemblage,  by  the  aid  of  a  lantern.  It  consists  of  a  com- 
pass with  a  glass  bottom  having  the  scale  marked   on  it. 
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The  needle  turns  on  a  pivot  projecting  from  a  little  plate 
cemented  to  the  center  of  the  glass.  When  a  conductor  is 
laid  across  the  compass,  parallel  with  the  needle,  and  a  cur- 
rent is  sent  through  the  conductor,  the  needle  is  deflected 
in  one  direction  or  the  other,  depending  upon  the  direction 
of  the  current. 

The  amount  of  deflection  depends,  of  course,  on  the 
strength  of  the  current. 

In  the  year  following  the  discovery  of  Oersted,  Schweig- 
ger  found  that  the  power  of  the  current  over  the  needle 
was  increased  bv  causing  the  current  to  pass  several  times 
around  the  needle.  Owing  to  this  fact,  the  galvanometer 
was  lormerly  known  as  the  galvano-multiplier.     A  conve 

FiC.    f»To 


Codipass  for  projecting  Oersted's  Experiment. 

nient  and  useful  galvanometer  for  ordinary  use,  and  for  pro- 
jection, is  shown  in  Fig.  6ii  ;  t  showing  the  complete  in- 
strument hi  perspective,  2  being  a  diagram  of  the  circuits, 
and  3  being  a  transverse  section  of  the  compass  box.  The 
foundation  of  this  galvanometer  is  a  fine  photograph  on 
glass  of  a  complete  scale  of  degrees  of  the  size  of  an  ordi- 
nary lantern  slide.  Upon  the  center  of  the  photograph  is 
cemented  a  small  metallic  disk,  in  which  is  secured  a  fine 
needle  point,  and  upon  this  is  poised  a  jeweled  compass 
nectlle  taken  from  a  pocket  compass. 

To  diametrically  opposite  sides  of  the  boss  of  the  com- 
pass needle  arc  soldered  the  heads  of  two  entomological 
pins,  which  are  perfectly  adapted  to  this  use,  being  long, 
thin,  and  finely  pointed.     These   are   arranged   exactly   at 
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right  angles  with  the  needle.  To  one  of  these  pins  is 
cemented  a  thin  paper  arrowhead,  and  upon  the  other  pin 
is  placed  a  small  drop  of  solder  to  counterbalance  the 
paper. 

The  compass  thus  formed  is  provided  with  a  glass  cover, 
separated  from  the  scale  by  narrow  strips  of  wood.  The 
baseboard  upon  which  the  compass  is  mounted  is  provided 
with  a  round  central  aperture,  a  little  larger  than  the  circle 
of  the  scale.  Across  this  aperture  is  secured  an  oblong 
rectangular  coil,  which   will  presently  be  described.     The 
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_^^       Galvanumeter  for  Projec- 
I  lion. 


«nds  of  the  coil  are  let  into  recesses  in  the  baseboard »  so 
that  when  the  compass  is  in  its  place  the  needle  will  occupy 
a  central  position  in  the  coiL  The  compass,  after  adjust- 
ment, is  fastened  in  place  by  six  small  brass  screws,  and 
along  one  edge  ot  the  compass  is  arranged  a  permanent  bar 
magnet,  which  is  held  in  its  place  by  two  pins.  The  bar 
magnet  serves  for  adjusting  the  pointers  to  zero,  and  ren- 
ders the  compass  independent  of  the  earth  s  magnetism, 
so  that  the  galvanometer  may  be  used  in  any  position 
without  regard  to  the  magnetic  meridian. 


ii6 


EXPERIMENTAL    SCIENCE. 


The  coil  consists  of  a  narrow  copper  trough,  A  (see 
diagram),  of  U-shaped  cross  section,  one-fourth  inch  wide 
and  one-eighth  inch  deep,  separated  a  short  distance  at  one 
end  of  the  coil,  so  that  the  current  may  be  sent  around  the 
needle  through  the  copper  trough  alone  when  desirable. 

In  the  trough  is  wound  a  quantity  of  No.  40  silk-cov- 
ered copper  wire,  forming  the  coil,  B,  one  terminal  of 
which  is  fastened  to  one  end  of  the  copper  trough  in  such 
a  way  that  the  trough  forms  a  continuation  of  thecoiL  The 
opposite  or  outer  end  of  the  fine  wire  coil  is  connected  with 

Fig,  613. 
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Atlraclioii  and  Rr pulsion  of  Parallel  Conductors — Ampere's  Experiment. 


t\\v  switcli  point.  1>,  The  corresponding  end  of  the  trough 
is  connt'clcd  with  the  switch  point,  C»  and  the  remaining 
terminal  of  the  trough  is  connected  b}'  a  wire,  C\  with  the 
Ci>ntai  t  spring  at  one  edge  of  the  baseboard.  The  contact 
spring  at  the  nppt^site  edge  of  the  baseboard  is  connected 
with  the  pivot  ui  the  switch  artn»  E. 

yUc  ciHitui  t  springs  are  designed  to  make  connections 
with  thr  sfnds  oil  thr  lantern,  which  in  turn  are  connected 
with  the  ciiiHUu'tnis  ol   the  galvanometer  circuit. 

When  the  switch  ;um,  \\,  is  on  the  point,  C,  as  shown  in 
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the  diag^m,  the  current  passes  through  the  trough  only. 
Arranged  in  this  way,  the  galvanometer  is  adapted  to  the 
measurement  of  heavy  currents.  When  the  switch  arm 
is  on  the  point,  D,  the  current  goes  through  both  the  fine 
wire  coil  and  the  trough.  In  this  way  the  instrument  is 
adapted  to  light  currents.  This  galvanometer  is  adapted  to 
the  general  run  of  experimental  work.  It  makes  a  good 
image  on  the  screen  or  ceiling  when  used  in  a  lantern  with 
a  vertical  attachment.  The  magnet  interferes  somewhat 
with  its  sensitiveness,  and  may  be  removed  when  very  deli- 
cate action  is  desired. 

In  1820  Ampere  discovered  that  the  action  of  a  con- 
ductor in  which  a  continuous  current  of  electricity  is  main- 
tained is  like  that  of  a  magnetic  needle.  He  replaced  the 
needle  by  a  delicately  pivoted  conductor,  and  demonstrated 
that  all  of  the  phenomena  of  the  needle  could  be  repro- 
duced by  the  suspended  conductor. 

Another  curious  discovery,  due  to  the  same  great  phy- 
sicist,  is  that  of  the  mutual  attraction  and  repulsion  of 
parallel  conductors.  Apparatus  for  exhibiting  this  pheno- 
menon is  illustrated  by  Fig.  612.  In  this  figure  the  per- 
spective view  shows  the  device  adapted  for  projection,  and 
the  diagram  shows  the  circuits. 

Two  parallel  wires,  A,  B,  are  arranged  one  above  the 
other,  the  wire.  A,  being  fixed*,  the  wire,  B,  being  movable. 
The  wire.  A,  is  bent  twice  at  right  angles,  and  its  ends  are 
inserted  in  the  baseboard.  The  wire,  B,  is  bent  twice  at 
right  angles,  and  the  arms  thus  formed  are  provided  with 
eyes  which  are  suspended  on  delicate  pivots  on  the  stand- 
ards, c,  d.  These  arms  a  prolonged  beyond  their  pivots  and 
provided  with  weights  for  counterbalancing  the  wire,  the 
weights  being  so  arranged  as  to  cause  the  wire,  B,  to  rest 
normally  a  short  distance,  say  one-fourth  or  three-eighths 
inch,  from  the  wire,  A. 

The  connections  with  the  battery  or  other  electric  gen- 
erator are  through  the  hooks,  a,  b,  A  current-reversing 
switch  is  provided,  by  which  the  current  may  be  made  to 
flow  in  the  same  direction  or  in  opposite  direction  through 
the  conductors,  A,  B.  With  the  switch  in  the  position  shown, 


the  eurrcrit  arriving  at  the  hook,  rt,  passes  in  the  direction 
of  the  arrow  to  tlie  switch  arm»  /,  point,  g,  point,  i,  and 
standard,  t ,  through  the  condnctor,  B,  to  the  standard,  d^ 
thence  to  point.  //.  to  the  switch  arm,  t%  thence  through  the 
coiuhiCtn!%  A,  to  the  ho(vk,  Ik  The  current  flowinj^in  oppo- 
site directions  thrruigh  the  cunducturs,  A,  B,  causes  the  re- 
pulsion ot  the  conductor,  B. 

By  shiiting  the  switch  arms,  i\  f,  to  the  points,  /,  h,  the 
current  will  flow  through  both  conductors  in  the  same  direc- 
tion, thereby  causing  thcni  to  mutually  attract  each  other» 
the  result  being  the  movement  of  the  conductor,  B,  toward 
conductor,  A.  This  apparatus  is  designed  especially  for 
projection,  the  parallel  wires  only  being  visible  on  the 
screen. 

Fia  613. 


A  simple  way  of  illustrating  Arago*s  experiment  showing- 
the  inagnt'tijsiiig  effect  ot  un  electric  current  on  soft  iron  is 
represented  in  Fig,  613.  The  lantern  to  which  this  and 
other  pieces  of  apjKiratus  are  adapted  is  provided  with  two 
rods  projecluig  from  the  trout  ot  the  instrument  and  connected 
with  Ivinding  posts,  which  in  turn  are  connected  witha  battery 
t>r  dy  nanu).  The  tnise  of  thisapp;iratusis  furnished  with  spring- 
clipx  tor  engaging  the  conducting  nxls  of  the  lantern.  To 
the  upper  ends  of  two  posts  rising  from  the  base  are  attached 
the  extremities  of  u  copper  wire,  which  is  bent  into  spirals  at 
ilH  hxeil  ends.  The  wire  is  bent  twice  at  right  angles,  and  is 
curvcil  downwardly  between  the  arras  extending  from  the 
Hpirulai.    The  ends  of  this  wire  are  connected  with  the  clips. 
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On  the  base  below  the  curved  part  f*f  the  wire  is  placed  a 
box  well  filled  with  iron  fiUngs.  The  box  and  the  wire  are 
projected  on  the  screen,  an  erecting  prism  being  used.  The 
mre  is  pressed  downward  into  the  filings  and  withdrawn 
before  the  current  passes,  to  show  that  the  wire,  uninfluenced 
by  the  current,  is  not  able  to  lift  the  filings.  The  current  is 
sent  through  the  wire,  when  it  is  again  dipped  into  the  filings. 
This  time  it  will  take  up  a  quantity  of  the  filings,  as  shown  in 
the  engraving,  each  fragment  of  iron  becoming  a  magnet. 
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which  tends  to  place  itself  at  right  angles  to  the  current. 
When  the  current  is  interrupted,  the  filings  fall 

In  Fig.  614  is  represented  a  device  for  showing  the  mag- 
netizing  efiect  of  a  helix,  also  the  different  results  secured  by 
helices  wound  in  opposite  directions.  The  frame  is  provided 
with  metal  clips  for  attachment  to  the  rods  of  the  lantern, 
and  two  helices,  which  are  oppositely  wound  with  respect  to 
each  other,  are  stretched  across  the  frame. 

The  ends  of  the  helices  are  connected  with  the  clips,  so 
that  the  current  passes  from  one  clip  through  both  helices^ 
as  indicated  by  dotted  lines,  to  the  other  clip.      The  helices 
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are  provided  with  a  coating  of  insubtiog  varnish.  A  darn- 
ing needle  is  placed  in  each  helix,  and  when  no  current  is 
passing,  a  magnetized  cambric  needle,  suspended  by  a  fine 
thread,  is  held  near  the  ends  of  the  needles  in  alternation. 
It  is  drawn  toward  both  alike. 

After  a  current  has  been  sent  through  the  helices  it  will 
be  found  that  the  darning  needles  are  magnetic,  but,  owing 
to  the  opposite  winding  of  the  helices,  corresponding  ends 
will  have  opposite  polarity,  as  will  be  shown  by  again  pre- 
senting the  suspended  cambric  needle  to  the  ends  of  the 
darning  needles.     It  will  be  attracted  by  one  and  repelled  by 

Fig.  6is. 
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the  other.  By  placing  a  U-shaped  piece  of  soft  iron  wnre  in 
the  helices,  as  shown  in  Fig.  615,  the  construction  of  the  first 
clcctro-magnct  (Sturgeon's)  is  clearly  illustrated. 

In  Fig*  616  is  shown  a  device  tor  projecting  the  incandes- 
cent Uuup.  It  is  suspended  from  two  conductors,  and  its 
image  is  thrown  upon  the  screen  with  a  dull  light  w^hich  is 
)ust  sufficient  to  clearly  show  the  outline  of  the  lamp  and  the 
bliKk  carbon  filament.  A  current  is  then  sent  through  the 
lamp,  when  the  filament  becomes  incandescent  and  shows  as 
a  brilliant  arch  on  the  screen,  while  all  the  parts  of  the  lamp 
are  distinctly  visible* 
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contact  and  separated,  forming  the  arc,  the  points  soon 
become  incandescent,  and  the  arc  H^ht  in  full  operation  is 
seen  on  a  large  scale  on  the  screen. 

These  experiments  are  very  striking  when  seen  upon  a 
large  screen,  the  projection  of  the  arc  and  incandescent  lights 
being  particularly  interesting* 

By  inserting  four  screw  hooks  in  a  standard  and  stretch* 
ing  the  bands  over  the  hooks,  as  shown  in  Fig.6iS,  the  rock- 
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ing  prism  shown  in  Fig»  218  is  adapted  for  use  in  connection 
with  a  lantern.  The  light  emerging  frf>m  the  lantern  must  pass 
through  a  narrow  slit  to  secure  a  perfect  spectrum,  and  be- 
tween the  screen  aiui  the  prism  should  be  placed  a  screen 
with  im  ohiong  aperture,  which  will  allow  all  of  the  band  of 
ligh!  tu  a|)pear  upon  the  screen  with  the  exception  of  the 
colored  extremities.  With  the  prism  supported  in  this  way. 
It  is  an  easy  nmitrr  to  turn  it  slowly  back  and  forth,  show- 
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gorgeous  colors  of  polarized  light.     Small  pieces  of  quartz 
exhibited  in  the  same  way  produce  brilliant  effects. 

In  Fig.  621,  at  a  and  b,  are  shown  the  effects  of  glass 
under  pressure  upon  a  beam  of  polarized  light.  At  tf,  a 
rectangular  block  of  thick  glass  is  arranged  in  an  apertured 
plate  between  a  convex  edge,  A,  and  the  convex  follower,  C, 
the  latter  being  forced  downward  by  a  screw  which  is 
turned  so  as  to  bring  more  or  less  pressure  to  bear  upon 
the  edge  of  the  glass.  The  brilliancy  of  the  color  and  the 
form  vary  with  the  pressure.  In  the  other  case,  as  shown 
at  b,  the  pressure  acts  upon  diagonal  lines  from  C  to  B,  B, 
with  the  results  indicated. 

VIBRATIONS   OF    DIAPHRAGMS. 

The  telephone  and  phonograph  show  conclusively  that 
the  human  voice  is  able  to  set  certain  bodies  in  active  vibra- 
tion. These  vibrations  may  be  detected  by  touch,  but  they 
are  not  discernible  by  the  unaided  eye.  It  has  been  shown 
that  the  force  which  produces  them  is  able  to  perform  a 
considerable  amount  of  work.  A  telephone  diaphragm  is 
able  to  vibrate  sufficiently  to  transmit  speech,  even  when 
heavily  weighted.  A  diaphragm,  when  placed  in  a  hori- 
zontal position  and  damped  by  a  five  pound  weight  sus- 
pended from  its  center,  transmitted  speech  equally  as  well 
as  one  not  so  damped,  the  only  difference  being  a  consider- 
able loss  in  the  volume  of  sound. 

Mr.  lulison  some  years  since  devised  a  piece  of  appara- 
tus known  as  the  phonomotor,  in  which  a  diaphragm 
vibratrd  bv  the  vince  was  made  to  rotate  a  wheel  at  a  high 
veloiMtv.  In  the  phonoijraph  the  cutting  stylus,  which  is 
movetl  bv  the  vliaphrajiiiu,  exhibits,  when  in  action,  some- 
thinj<  i)l  the  power  v>f  the  voice,  and  the  engraving  on  the 
cylinder  i»t  the  phvuiovi'raph  shows  the  complex  character 
ol  the  vihiatiiMis  ol  the  diaphragm,  but  on  so  small  a  scale 
as  to  bedilhcuh  i>l  i>bservation. 

The  use  ol  the  apparatus  shown  in  the  annexed  engrav- 
iiiV.s  is,  hist,  to  show  bv  n\eans  ol  the  lantern  that  the  tele- 
phone dMphi,i^m  vibKiles,  and,  se^^xmd.  to  exhibit  by  the 
same  nu\n\s  \\w  i  lunav  lot  ol  tlie  vibrations. 
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At  I,  in  Fig'.  622t  is  shown  a  telephone  diaphragm  ar- 
ranged upon  a  standard  and  adapted  for  projection.  This 
apparatus  is  shown  in  section  at  2.  To  the  top  of  the  dia- 
phragm cell  is  secured  a  hook  which  supports  a  small  me- 
tallic ball  opposite  the  center  of  the  diaphragm  by  means  of 
a  fine  silk  thread-  The  ball  hangs  normally  in  contact  with 
the  diaphragm,  but  when  sounds  are  uttered  in  the  tube 
attached  to  the  cell,  the  diaphragm  is  vibrated*  its  motion 
being  made  manifest  by  the  repeated  repulsion  of  the  balL 

In  Fig,  623  is  shown  an  instrument  for  tracing  upon  a 
smoked  glass  a  record  of  the  movements  of  the  diaphragm. 


Fm.  622. 
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Expcrimei^t  shcving  the  Vibration  of  a  Diaphrag:ni 


A  wooden  frame  is  supported  by  a  standard  secured  to  the 
baseboard.  The  face  of  the  wooden  frame  is  grooved  to 
receive  the  smoked  glass  plate,  which  is  held  in  the  groove 
by  four  spring  clips,  so  that  it  may  be  moved  up  or  down 
after  each  tracing,  preparatory  to  making  a  new  one.  In 
one  edge  of  the  frame  are  inserted  two  parallel  rods,  which 
are  further  supported  by  a  standard  attached  to  the  base. 
The  standards  are  made  adjustable  to  adapt  the  instru- 
ment to  lanterns  of  different  heights.  The  arm  which 
supports  the  diaphragm  cell  is  provided  with  a  sleeve 
which  slides  freely  on  the  upper  rod,  and  it  is  fur- 
nished at  its  lower  end  with  a  fork  which  partly  em- 
braces the  lower  rod.     By  this  arrangement,  the  diaphragm 
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cell  is  truly  guided  while  the  tracing  is  being  made,  and  at 
tlie  same  time  the  cnnstructiun  allows  of  tilting  the  cell 
whenever  it  is  desirable  to  remove  the  tracing  point  from 
the  surface  of  the  glass.  The  diaphragm  cell  consists  ol 
two  chambered  recessed  disks  fastened  together  with 
screws,  and  clamping  between  them  a  thin  iron  diaphragm. 
The  upper  disk  is  apertured  and  provided  with  a  flexible 
tube  terminating  in  a  mouthpiece.  To  the  center  of  the 
diaphragm  is  attached  a  stud»  which  is  pivoted  to  the  trac- 

Fig.  62-^ 
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iixg  Vvrr»  this  being  fulciiiined  in  a  rigid  arm  projecting 
downward  inm\  the  cell.  The  free  end  of  the  tracing  lever 
I  in  icsa  tine  cambric  tiecdlc,  which  lightly  touches  the  sur- 
luce  o(  the  suiokeil  glass  when  the  cell  is  in  the  position 
shi»wtu  The  tracing  lever  is  made  of  a  thin  bar  of  alura- 
iiuitn,  Willi  h  can  spring  latenilly.  but  which  is  very  rigid  in 
the  ilirection  ol  it5  iiu>iiuiu 

When  usevl.  the  ap|uratus  is  placed  with  reference  to  the 
Itinteiii  MHh;il  the  openiti^  ot  the  wo«.>den  frame  will  come 
wtthiii  the  wnc  ot  Ujfht  in  front  ol  the  condenser.    The 
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smoked  glass  is  focused  on  the  screen,  the  diaphragm  cell  is 
placed  near  the  wooden  frame  and  held  in  one  hand,  while 
the  mouthpiece  at  the  end  of  the  flexible  tube  is  held  at  the 
mouth  bv  the  other  hand.  Now,  wiiile  a  sound  is  made  in 
the  mouthpiece,  the  diaphragm  cell  is  quickly  but  steadily 
drawn  along,  so  as  to  cause  the  tracing  needle  to  trav- 
erse the  smoked  glass.  A  sinuous  tine  will  be  formed 
upon  the  glass,  which  will  be  characteristic  of  the 
sound  uttered,  and  this  line  will  appear  upon  the  screen 
as  it  is  formed.  By  tilting  the  diaphragm  cell,  and  mov- 
ing the  smoked  glass,  and  then  returning  the  cell  to  the 
point  of  starting,  the  operation  may  be  repeated.  It  will 
thus  be  seen  that,  by  means  of  this  instrument,  a  sound  may 
be  produced  and  analyzed  at  the  same  moment. 

APPARATUS   FOR   COMPOUXDING     RECTANGULAR    VIBR.\TIONS- 

The  compound  pendulum  illustrated  by  Fig.  624  has 
advantages  over  thtjse  of  the  usual  form,  in  being  adapted 
to  the  ordinary  horizontal  lantern  and  in  being  less  cumber- 
some and  more  easily  managed.  Perhaps  the  most  import- 
ant difference  between  this  and  other  insti*uments  of  its 
class  lies  in  the  tracing  arm  and  point.  With  this  appa- 
ratus the  beautiful  curves  ot  Lissajous  appear  on  the  screen, 
while  the  arm  that  traces  them  is  invisible.  With  densely 
smoked  glass  this  feature  is  not  so  apparent,  but  when  col- 
ored collodion  tracing  films  are  used,  it  is  a  novel  sight  to 
witness  the  development  of  these  intricate  figures  by  a  point 
having  no  apparent  support  or  guide. 

An  apcrtured  board  having  a  recess  for  receiving  the  pre- 
pared glass  plate  forms  the  body  oi  the  apparatus.  This 
board  is  connected  by  an  iron  standard  with  a  base  piece 
which  is  clamped  to  the  lantern  table  in  the  manner  shown. 
To  the  upper  edge  of  the  board  is  secured  an  arm  provided 
with  a  horizontal  stud  upon  which  are  pivoted  two  pendu- 
lums. The  rear  pendulum  is  prolonged  above  its  pivot,  and 
is  provided  with  a  right-angled  arm  projecting  toward  the 
lantern^  parallel  with  the  back  board.  The  upper  end  of 
the  rear  pendulum  is  provided  with  two  or  three  inter. 
changeable  weights,  varying  from  two  to  six  pounds,  and 


(KHiiKi  \\ci|ihl,  lt»  the  ixkI  of  the  front  pendulum  is  pivoted 
«m  utiM  I  Imr,  pitnitictl  at  one  tmi  with  annular  frame  con^ 
t«iituti|2  a  ttaivs|^^i^nt  gU$sdisk  and  haTin^  at  the  opposite 
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end  an  adjustable  counterbalance  weight.  The  glass  disk  is 
prnvided  with  a  small  central  aperture,  in  which  is  inserted 
a  fine  needle.  To  the  offset  bar,  half  way  between  its  con- 
nection  with  the  pendulum  rod  and  the  needle,  is  pivoted 
a  rod  which  is  pivotally  connected  with  the  horizontal  arm 
of  the  rear  pendulum. 

The  offset  bar  is  made  of  thin  spring  material,  and  is 
bent  so  that  the  needle  presses  lightly  upon  the  prepared 
glass  held  in  the  recess  of  the  back  board.  The  prepared 
glass  plate  is  retained  in  the  pusition  of  use  by  two  spring 
clips  pivoted  to  the  back  board  and  arranged  to  press  upon 
diagonally  opposite  corners  of  the  glass.  The  needle  is  held 
away  from  the  glass  while  starting  the  pendulum^  by  means 
of  a  thread  (not  shown)  attached  to  the  annular  frame  and 
connected  with  a  fixed  support  in  front  of  the  frame  and 
distant  about  a  foot. 

The  adjustment  of  the  weights  for  the  different  figures 
is  ascertained  by  experiment,  and  the  position  of  the 
weights  is  accurately  indicated  on  the  pendulum  rods.  The 
apparatus  is  placed  in  position  on  the  table,  and  the  lantern 
is  adjusted  to  it. 

The  colored  collodion  for  the  films  is  prepared  by  thin- 
ning ordinary  plain  collodion  with  alcohol  diluted  with 
water,  then  adding  to  it  an  alcoholic  solution  of  aniline  of 
any  desired  color. 

The  glass  plate  is  prepared  for  use  by  flowing  the  col- 
lodion over  it  and  allowing  it  to  dry.  If  the  film  proves  too 
hard  and  tough,  it  may  be  modified  by  adding  a  small 
quantity  of  water  to  the  collodion.  This  film  gives  a  uni- 
form tint  on  the  screen,  and  is  dense  enough  to  clearly 
show  the  lines  of  the  tracing. 

After  the  tracing  point  has  been  drawn  back  in  the  man- 
ner described,  and  the  prepared  glass  plate  is  in  place^  the 
pendulums  are  draw^n  aside  and  the  rear  one  is  released.  At 
a  certain  phase  of  its  vibration  (which  will  be  determined 
by  experiment)  the  front  pendulum  is  released.  If  the 
needle  describes  the  desired  curve,  the  annular  frame  is 
released,  when  the  needle  traces  the  figure  which  appears 
upon  the  screen. 
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LANTERN   TANTOGRAPHS. 

For  the  production  of  off-hand  tracings  for  illustrations, 
especially  during  the  projection  of  a  series  of  experiments  or 
pictures^  nothing  can  excel  a  pantograph  adapted  to  the 
lantern.  TvvtJ  forms  are  here  shown,  both  of  which  pro- 
duce figures  on  the  prejiared  glass  without  exhibiting  the 
arm  by  which  the  work  is  done. 

The  instrument  shown  in  Fig.  625  is,  perhaps,  hardly  de- 
serving of  the  name  given  to  it,  as  it  is  not  strictly  designed 
for  accurate  copying,  on  account  of  distortion,  but  it  may 
be  used  in  copying  when  a  true  figure  is  not  important.  It 
is  designed  rather  for  tracing  upon  the  prepared  glass  while 
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Sirnplc  Tracer  <or  the  Lantern. 

Ihe  operator  watclics  the  progress  of  his  work  as  it  is  pro- 
jected upon  the  screen. 

The  baseboard  is  provided  with  a  square  central  open- 
ing, having  an>und  it  a  rabbet  for  receiving  the  prepared 
^lass.  This  btuinl  is  adapted  to  llup  lantern,  and  furnished 
with  a  pair  ut  small  buttons  for  engaging  diagonally  oppo- 
*iite  corners  \%\  the  prepar^  glass  and  holding  it  in  place. 
The  tracing  arm  consists  of  a  square  metallic  frame,  a^  con* 
taining  a  glass  plate,  and  liavingat  one  edge  an  arm  carry- 
ing a  t rating  point,  and  provided  at  the  opposite  edge  with 
two  piiiallrl  ruds  arranged  to  slide  freely  through  a  block. 
i,  pivoted  h\  tlie  baseboard.     The  center  of  the  glass  in  the 
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frame,  a,  is  perforated  to  receive  a  needle,  r,  which  is  pressed 
forward  toward  the  prepared  glass  by  a  small  spiral  spring, 
as  shown  in  the  sectional  view.  The  needle  thus  supported 
may  be  moved  around  upon  the  prepared  glass  in  any  re- 
quired direction,  and  it  may  be  readily  lifted  from  the  plate 
by  pulling  the  tracing  point  away  from  the  baseboard. 

By  placing  a  design  upon  the  board,  it  may  be  traced 
and  reproduced  upon  the  screen,  and,  if  the  designs  are 
specially  made  so  as  to  compensate  for  distortion,  correct 
tracings  will  be  produced. 

By  means  of  the  pantograph  shown  in  Fig.  626,  anything,  ^ 
large  or  small,  may  be  readily  and  correctly  traced.  The 
levers  are  arranged  relatively,  so  as  to  produce  upon  the 
prepared  glass  a  tracing  one-third  of  the  size  of  the  original. 
With  this  pantograph,  writing,  figures,  maps,  diagrams, 
sketches,  etc.,  can  be  made  with  great  facility. 

The  baseboard  of  this  instrument  is  necessarily  somewhat 
cumbersome,  as  provision  must  be  made  for  the  supports  of 
the  pivot  of  the  pantograph,  for  the  prepared  glass,  and  for 
the  design  to  be  traced  or  a  sheet  of  paper  on  which  to 
mark.  The  baseboard  is  adjustable  up  and  down  on  a 
slotted  standard,  and  the  latter  is  provided  with  a  foot, 
which  permits  of  clamping  it  to  the  table. 

The  metallic  frame,  a,  which  is  attached  to  the  arm,  by 
contains  a  transparent  plate  of  glass,  having  a  central  per- 
foration, in  ^"hich  is  inserted  a  stout  sewing  needle — a  small 
carpet  needle  for  example.  The  bar,  b,  is  pivoted  to  one  end 
of  the  short  metallic  bar,  c,  and  the  opposite  end  of  this  bar, 
c,  is  pivoted  on  a  stud  projecting  from  the  rock  shaft,  d, 
which  can  turn  in  supports  attached  to- the  baseboard. 
Upon  the  same  stud  is  pivoted  a  bar,  h\  which  extends 
parallel  •  with  the  bar, /;,  and  both  these  bars  are  pivotally 
connected  with  the  bar,  c' .  The  lower  end  of  the  bar,  c\  is 
protided  with  a  tracing  point,/,  for  which  a  lead  pencil 
may  be  substituted  when  an  original  design  is  to  be  made. 
The  paper  on  which  the  design  is  drawn  is  attached  by 
drawing  tacks  to  the  lower  part  of  the  baseboard.  The 
rock  shaft,  d,  is  provided  with  a  long  key,  i\  which  extends 
downward,  and  is  pressed  outwardly  by  a  spring  underneatn 


!ijii|^,  and  the  lonj^cr  arms  are  12  inches  loner.  That  is  to  say, 
when  tlic  bars  arc  at  right  angles  to  each  other,  the  distance 
between  tlie  bars,  A  d\  is  4  inches,  the  distance  between  the 
liars,.- ,  .  is  }2  inches^  the  distance  from  the  tracing  needle 
at  the  cculcr  oi  the  transparent  glass  to  the  pivotal  connec- 
tion of  the  bars,  A  r,  is  4  inchcs»  and  the  length  of  the  bar,  c\ 
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from  the  pivotal  connection  of  the  bar,  b\  to  the  tracing  pointy 
/,  is  12  inches. 

The  glass  plate  on  which  the  tracing  is  made  is  preferably 
coated  with  collodion  colored  with  aniline*  If  this  is  not 
convenient,  the  glass  may  be  smoked. 

The  needle  is  prevented  from  touching  the  prepared  glass 
by  pressing  upon  the  key,  t\  thus  slightly  twisting  the  entire 
system^  When  the  point  of  starting  is  reached,  the  key,  r, 
is  released,  when  the  spring  under  the  key,  through  the  key, 
rock  shaft,  and  bar,  c,  carries  the  frame,  «,  forward,  and 
brings  the  tracing  needle  into  contact  with  the  prepared 
glass,  when  the  tracing  begins.  When  it  is  desired  to  inter* 
rupt  the  line,  the  key»  e,  is  again  depressed,  when  the  needle 
may  be  moved  to  a  new  position  without  making  a  mark. 

THE  CYCLOIDOTROPE. 


\ 


The  novel  and  very  pleasing  and  interesting  lantern  slide 
shown  in  the  annexed  engraving  is  of  English  origin.  The 
inventor,  Mr.  A.  Pumphery,  of  Birmingham,  England,  is  en- 
titled to  much  credit  for  having  produced  a  simple  device 
capable  of  illustrating  on  a  large  scale  the  intricate  opera* 
tion  of  engine  engraving. 

The  figures  shown  in  the  smaller  engraving  (Fig.  628) 
were  photo-engraved  directly  from  plates  traced  in  the  ap- 
paratus. They  show  some  of  the  simpler  forms  of  curves. 
By  changing  the  adjustment  of  the  tracing  needle  or  the 
arms  which  support  and  guide  it,  an  infinite  variety  of 
figures  may  be  produced. 

The  ring,  which  revolves  on  the  plate,  is  recessed  around 
its  inner  edge,  and  lined  with  soft  rubber  for  the  reception 
of  the  glass  disk,  upon  which  the  tracing  is  to  be  made.  The 
glass  is  held  in  place  by  the  pressure  of  two  springs  carry^ 
ing  rollers  w^hich  bear  upon  the  face  of  the  glass  at  diame- 
trically opposite  points* 

The  face  of  the  ring  has  a  toothed  rim,  which  is  engaged 
by  a  small  pinion  on  the  crank  shaft,  and  the  periphery  of 
the  ring  is  provided  with  202  spur  teeth,  which  engage  a 
pinion  having  33  teeth  and  turning  on  a  stud  projecting  from 
the  base  plate. 
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The  spur  pinion  carries  an  adjustable  crank,  the  pin  of 
which  turns  in  the  crank  arm,  and  is  apertured  transversely 
to  receive  the  tracing  rud,  which  may  be  clamped  therein 
by  the  thumb  screw. 

The  tracing  rod  passes  through  a  stud  arranged  to  turn 
in  the  end  of  the  movable  arm  pivoted  to  the  base  plate. 
The  tracing  rod  is  hollow,  and  upon  the  end  which  projects 
over  the  toothed  ring  it  carries  a  curved  springs  provided  at 

Fig.  626» 
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Tracings  produced  by  the  Cycloidotrope. 


its  extremity  with  a  steel  tracing  point.  A  wire  passing 
through  the  hollow  tracing  rod  engages  the  under  side  of 
the  curved  spring,  and  lifts  the  point  from  the  glass. 

The  glass  is  prepared  for  tracing  by  smoking  it  over  a 
candle,  lamp,  or  gas  jet,  or,  better,  by  coating  it  with  col- 
lodion, to  which  some  aniline  has  been  added  to  give  it  the 
desired  tint. 

The  glass  having  been  secured  in  place  in  the  toothed 
ring  in  the  manner  described,  the  tracing  point  is  let  dowa 
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Upon  the  glass  by  drawing  out  the  wire  in  the  hollow  tracing 
rati.  The  toothed  ring  is  then  rotated  by  means  of  the  crank, 
when  a  cvcloidal  curve  Avill  be  traced  on  the^lass.  By  con- 
tinued rotation  the  curv^es  will  be  duplicated ;  and  as  the 
number  of  teeth  in  the  periphery  of  the  ring  is  not  an  exact 
nmitiple  of  the  number  of  teeth  in  tlie  pinion,  the  ring  will, 
by  the  diScrential  movement,  continually  fall  behind  the 
movements  of  tlie  pinion  and  tracer  carried  by  the  crank  on 
the  pinion,  so  that  a  small  space  is  left  between  the  lines  of 
successive  series.  By  continuing  the  operation  the  lines 
will  intersect,  until  finally  a  beautiful,  symmetrical  network 
of  lines  will  be  formed. 

By  clamping  the  tracing  rod  in  the  crank  pin,  an  approxi- 
matelv  true  cycloid  curve  will  be  formed ;  and  by  clamping 
the  tracing  rod  in  the  stud  projecting  from  the  adjustable 
arm,  and  allowing  the  crank  pin  to  slide  on  the  rod,  curves 
of  another  kind  will  be  formed.  Mtiving  the  arm  on  its 
pivot  makes  another  change,  and  the  figure  is  still  further 
modified  by  changing  the  working  field  of  the  point  from 
one  edge  of  the  glass  disk  to  the  other* 

To  render  the  tracing  still  more  intricate,  opposite  sides 
of  the  glass  disk  may  be  coated  with  collodion  differently 
colored.  For  example,  red  may  be  used  upon  one  side  and 
blue  on  the  other.  The  color  of  the  ground  when  projected 
tm  the  screen  will  then  be  purple.  When  the  tracing  is  done 
on  the  blue  side,  red  lines  will  appear  on  a  purple  ground  ; 
and  when  the  tracing  is  made  on  the  red  side,  blue  lines  will 
appear  on  the  pur^)le  ground ;  and  where  the  tracings  of 
oppt>sitc  sides  of  the  gb$s  cross  each  other,  the  lines  will,  of 
course,  bo  white* 

Besides  the  remarkable  effects  secured  by  the  use  of  two 
colorSi  the  thickness  of  the  glass  which  intervenes  between 
the  two  tracings  produces  a  curious  optical  illusion  on  the 
^^ciTon.  The  tracing  last  made,  tf  in  focus,  appears  to  stand 
out  several  inches  fnmi  the  screen^  and  seems  to  float  in 
the  air.  Another  interesting  optical  illusion  is  noticed 
when,  after  rather  rapid  mtation.  the  disk  is  stopi>ed.  B3- 
the  hhs  of  the  optic  nerve  the  figures  appear  lor  a  moment 
to  turn  Imii^kwiini. 
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is  sprinkled  evenly  over  the  plate  and  a  violin  bow  is  drawn 
over  its  edge.  Damping  the  plate  by  the  application  of  the 
fingers  at  one  or  more  points,  various  symmetrical  figures 
may  be  formed  ;  the  sand  leaving  the  venters  or  places  of 
greatest  vibration  and  piling  up  at  the  nodes  or  places  of 
least  vibration,  as  in  Fig.  629,  This  figure  shows  a  glass 
plate  mounted  on  a  stud  projecting  from  the  center  of  a  thick 
glass  base  plate*  With  this  apparatus  the  figures  are  formed 
outside  of  the  lantern  and  then  projected  like  any  other 
object. 

In  Fig,  630  is  represented  a  device  by  which  the  figures  are 

Fig,  631. 
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Sand  Figares. 

formed  in  the  lantern  and  projected  entire.  The  apparatus 
is  similar  to  that  shown  in  Fig.  629.  Several  small  holes  are 
made  in  the  plate  along  the  edge  to  receive  a  hook  attached 
to  a  strong  smotjth  cord.  The  cord  is  held  in  the  manner 
indicated  and  rubbed  with  resined  fingers.  This  produces 
V  ibrations  sufficient  for  the  production  of  several  of  the 
figures.  The  figures  shown  in  Fig,  631  are  produced  by 
means  of  the  bow  in  the  usual  way,  the  bow  being  ap- 
Ijlied  at  /f,  and  the  finger  at  a.  The  black  dots  indicate  the 
points  of  support  of  the  plates. 
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CHAPTER     V. 

MECHANICAL    OPERATIONS.  ' 

HINTS  ON  GLASS  BLOWING. 

There  are  few  mechanical  operations  requiring  a  higher 
degree  of  manipulative  skill  than  that  of  glass  blov  mg,  A 
peculiar  sensitiveness  of  touch  and  quickness  of  light  are 
essential.     In  many  instances  whatever  is  done  must  b^  ac- 

Fro.  632* 


Bending  a  Glass  Tube, 

complished  almost  instantaneously.  There  is  no  time  for 
deliberation.  The  operator  must  know  exactly  what  todo^ 
and  then,  when  the  conditions  are  favorable,  he  must  do  it 
quickly  and  with  certainty. 

More  can  be  learned  by  watching  an  expert  glass  blower 
for  a  half  hour  than  can  be  acquired  by  reading  the  litera- 
ture of  the  subject  or  by  days  of  practice.  However,  when 
the  principal  points  are  gained,  practice  will  in  time  lead  to 
proficiency. 

The  bending,  perforating,  and  welding  of  tubes,  the  for- 
mation of  bulbs,  tees,  funnels,  and  jets,  are  among  the  simple 
operations  of  glass  blowing,  with  which  every  worker  in 
physics  or  "hemistry  should  acquaint  himself. 
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Very  f'^vv  tofjls  and  appliances  are  needed.  The  most 
important  requisites  are  a  gas  blowpipe  capable  of  producing 
brysh  and  pointed  flames,  a  bellows  for  supplying  air  to  the 
blowpipe,  some  pieces  of  charcoal  or  carbon  having  pyra 
midal  ends,  c<irks  of  different  sizes»  and  a  sharp  triangular 
tile.     A  stock  of  glass  tubes  of  various  sizes  will  be  needed. 

Fig.  633, 


Welding  a  Tube. 

Thtte  should  be  purchased  at  one  place  and  time,  if  possible* 
to  insure  uniformity  in  quality.  Soit  German  glass  is  the 
most  satistactury* 

A  snuill  tube  is  divided  into  lengths  by  first  nicking  it 
with  the  file,  then  grasping  it  in  both  hands,  placing  the 
thumb  nail  against  the  glass  opposite  the  nick»  and  then 
breaking  the  tube  by  such  r>  movement  as  would  be  required 

Fio.  634. 


Tube  f^yt  Forming  a  Bulb, 

to  IhmuI  ihc  tube*  at  tla*  nick,  it  the  material  were  flexible,  at 
the  name  lime  pulling  oxx  the  tube  in  opposite  directions. 
The  lube  brcaksi  okl  siivuircly, 

A  tube  t^t  large  diameter  is  divided  by  scratching  it  with 
n  ftle»  then  t  rucking  it  by  applying  to  the  scratch  a  small 
point  ivf  iiot  ^las»,  or  by  means  of  a  hot  wirecur\'ed  to  partly 
rneireW  the  tube. 
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A  small  tube  is  bent  by  heating  it  in  a  brush  flame^  as  in 
Fig.  632,  or  in  an  ordipary  gas  flame,  then  curv^ing  it  as  de- 
sired. One  end  of  the  tube  should  be  corked  before  it  is 
heated.  U  it  is  made  too  hot,  or  heated  unevenly,  it  will  be 
impossible  to  give  it  a  true  curve. 

If  the  tube  becomes  flattened  in  bending,  or  it  the  curve 
is  not  true,  it  may    be   carefully  fig  635. 

reheated  at  defective  points,  and 
corrected  by  bending  or  by  blow- 
ing into  it.  Tubes  are  welded  by 
first  flaring  them  as  shown  in 
Fig.  633,  by  introducing  the  pyr- 
amidal end  of  the  charcoal  or 
carbon  into  the  hot  end  of  the  vJ^W^  tStahmMX 
tube  and  turning  it,  or  by  turning  Forming  3  Bulb. 

the  tube  on  the  charcoal  with  a  pressure  strong  enough  to 
give  the  end  of  the  tube  the  desired  form.  The  flared  ends 
of  the  two  tubes  to  be  welded  are  heated  simultaneously  in 
the  brush  flame  and  joined  while  quite  soft.  A  pointed 
blowpipe  flame  is  used  to  give  the  joint  the  desired  form. 
The  joint  is  made  true  by  constantly  turning  the  tube. 

A  bulb  is  formed  on  a  tube  by  first  heating  it  and  draw- 

Fig.  636, 
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Perfor:iiing  a  Tube. 

ing  it  out  as  shown  in  Fig.  6  4»  then  heating  a  short  length 
of  the  tube  within  tapered  end  and  thickening  it  by  pressing 
upon  the  en^is  of  the  tube.  Then  another  short  length  is 
heated  and  thickened  in  the  same  way,  and  so  on  until 
enough  material  has  been  accumulated  to  form  a  bulb  of  the 
required  size  and  thickness.  The  tube  must  be  continually 
turned  during  these  operations  to  cause  it  to  heat  evenly, 


14-^ 


EXPERIMENTAL    SCIENCE. 


and  if  it  tends  to  collapse,  it  should  be  blown.  The  mass  of 
jrlass  is  now  heated  evenly  throughout  and  blown  until  the 
bulb  is  ot  the  required  size,  the  rotation  of  the  tube  being 
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continually  maintained  to  prevent  the  bulb  from  being  di& 
torlcd  by  its  <nvn  weight. 

The    lilowing   should  be   accomplished   by  n.eans  of   a 
SCI  ics  of  short  |)uffs,  rather  than  by  one  long  blast. 

Fii;.  637*1.  "^  ^"^^  "^^.^  ^^  perforated  by  stopping 

the  ends  so  as  to  inclose  a  body  of  air, 
then  warming  it  gradually  to  prevent 
breaking,  finally  directing  a  pointed  blow- 
pi[)e  tlame  upon  it  where  the  perforation 
is  desired.  The  expansion  of  the  air  con- 
tained in  the  tube  will  push  out  the 
softened  glass  and  make  the  perforation. 
When  a  tube  is  thick  and  of  very  small 
dianu'tt'r.  the  expansion  of  the  contained 
air  is  insuthcient  for  this  purpose,  and 
hlowini^  is  resorted  to. 

lies  are  made  by  perforating  the  tube 

as  shiiw  n  at  I,  in  Fig.  637,  then  welding  on 

»   J.  tin.ilh  heating  the  joint  soastig^ve  it 
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liu  1mi:ii  -iiMUh.ii  V  l»l«»Nvin!^  into  it  occasionally  if  necessary 
ii>  L:iM  ii  il.t  i((|(iiitil  tonn.  The  ends  of  the  branches  of 
tlu    !• «  .III   -iiju«»iliril  .mil   rounded  by  heating  them  in  the 
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brush  flame  until  they  begin  to  fuse.  To  prevent  breaking, 
the  glass  should  be  allowed  to  cool  slowly,  while  protected 
from  draughts  of  air. 

To  seal  a  platinum  wire  in  a  glass  tube,  the  glass  is  heated 
by  means  of  a  pointed  flame,  at  the  same  time  the  end  of  a 
platinum  wire  is  brought  into  contact  with  the  heated  part. 
The  wire  welds  to  the  glass,  and  when  pulled  away  forms  in 
the  glass  a  small  tubulated  aperture  into  which  the  wire  is 
inserted  (Fig.  637^).  When  the  glass  around  the  wire  is 
heated,  it  becomes  welded  to  the  wire,  thus  forming  a  per- 
fectly  sealed    joint.      When   a   particularly    good    job    is 

Fig.  638. 


Cutting  Glass  Bottles. 

dftv  red,   some  easily  melted  enamel  may  be  fused  on  the 
glafto  around  the  wire.* 

CUTTING   GLASS   BOTTLES  AND   TUBES. 

It  often  happens  that  a  jar  for  a  battery  or  for  experi- 
mental uses  is  required  when  it  is  inconvenient  to  obtain  it 
from  the  dealer.  Fig.  638  shows  a  simple  way  ot  cutting  off 
glass  bottles  so  that  they  may  be  used  fc^r  jars.  The  method 
consists  in  marking  one  side  of  the  bottle  at  the  point  where 
it  is  desired  to  begin  cutting,  and  applying  to  the  bottle  a 
hot  curved  wire,  at  the  same  time  giving  the  bottle  a  recip- 

♦  For  full  information  on  this  kind  of  glass  blowing  the  reader  is  referred  to 
"Tlie  Methods  of  (Mass  Blowing,"  by  W.  A.  Shcnstone. 
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rucating  rotary  motion*      Soon  a  crack  appears  at  the  file- 

rtiark,  and  by  slightly  turning  the  bottle  the  crack  maj-  be 
made  to  foUo\\^  the  wire  around  the  entire  circumference, 
making  a  smooth,  clean  cut.  If  the  crack  should  not  start 
promptly,  the  glass  may  be  cooled  by  blowing;  upon  it»  or  by 
the  application  of  a  drop  of  water,  which  is  pretty  certain  to 
start  it  in  the  right  direction*  Large  glass  tubes  may  be 
cut  by  the  same  method, 

IICJW   TO    PERFORATE   GLASS, 

To  make  a  small  hole  in  a  plate  of  glass  is  a  comparatively 
simple  matter.  All  that  is  required  to  do  it  is  a  very  hard, 
sharp  drill,  some  means  for  turning  it,  and  a  lubricant,  such 


Fir 


SoftetTing  the  Shank  of  Jk  Drill, 


as  tui*]icntine,  for  causing  the  drill  to  cut  rapidly.  A  drill 
made  in  the  usual  iorxn  from  steel  wire  and  hardened  by 
hearing  it  until  it  is  dark  red  and  then  plunging  it  in  mer^ 
cury.  will  be  very  hard,  but  not  tough.  Before  the  drill  is 
healed  it  should  be  driven  into  a  block  of  lead  so  that  its 
point  will  just  be  inclosed  by  the  lead,  and  after  the  drill 
has  been  hardened  in  the  mercury  its  point  should  be  inserted 
in  the  indentation  in  the  lead,  as  shown  in  Fig.  639,  and  the 
tcojper  of  the  shank  of  the  drill  should  be  drawn  over  a 
lamp  or  gas  flame  to  a  blue.  The  lead  prevents  the  drill 
puini  Iruju  becoming  heated  sufficiently  10  draw  the  tem- 
per, by  conducting  the  heat  away  as  fast  as  it  arrives  at  the 
point.  When  the  shank  of  the  drill  becomes  blue  to  within 
a  sliort  distance  of  the  lead,  the  drill,  together  with  the  lead, 
shovtld  be  plunged  into  cool  waten    Another  very  gcxid 
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way  of  hardening  a  drill  for  perforating  glass  is  to  heat  the 
drill  to  a  dark  red,  then  plunge  it  into  a  strong  solution  of 
zinc  chloride.  This  is  prepared  by  dissolving  zinc  in  muri* 
atic  acid.  Zinc  should  be  gradually  added  until  the  action 
ceases. 

The  drill  prepared  in  this  way  should  be  wet  with  tur- 
pentine or  turpentine  and  camphor  while  in  use,  to  cause  it 
to  **  take  hold,"  It  is  advisable  to  drill  from  opposite  sides 
of  the  glass  whenever  this  is  possible.     The  hole  may  be 

Fig,  640. 
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Perforatmi^  Glass. 


enlarged  by  raean^  of  a  sharp  round  file  wet  with  turpen- 
tine. When  larger  holes  are  required,  these  cannot  con- 
veniently be  made  with  a  drilL  A  copper  or  brass  tube 
charged  with  emery  and  water  or  emery  and  turj^entine, 
and  rotated  in  contact  with  the  glass,  will  soon  cut  a  hole  a 
little  larger  than  the  tube. 

Simple  ways  of  guiding  and  revolving  the  tube  are 
shown  in  Fig.  640.  The  glass  to  be  drilled,  which  may  be 
the  plate  of  an  electrical  machine,  for  example,  is  placed 
upon  a  table  with  a  few  thicknesses  of  paper  underneath  its 
center.     Two   blocks  are  placed  on  the  table  at  diametri- 
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cally  opposite  edges  of  the  disk,  and  a  thick  bar  of  wood. 
which  is  bored  at  the  center  to  receive  the  copper  or  brass 
tube,  is  placed  upon  the  blocks  and  clamped  firmly  to  the 
table.  The  glass  plate  is  arranged  so  that  its  axis  coincides 
with  that  of  the  hole  in  the  bar.  The  plate  is  then  clamped 
in  place  by  gently  inserting  two  wooden  wedges  between 
the  wooden  bar  and  the  glass. 

The  tube  by  which  the  cutting  is  done  is  stopped  by  a 
wooden  plug  at  the  middle  of  its  length,  and  in  the  upper 
|)art  is  inserted  a  soft  rubber  stopper  which  rests  upon  the 
wooden  plug,  also  a  piece  of  heavy  rubber  tubing  which 
rests  upon  the  stopper.  In  the  rubber  tube  is  inserted  one 
end  of  a  close-fitting  metal  shank,  the  other  end  of  which  is 
fitted  to  an  ordinary  drill  stock.  This  arrangement  pro- 
vides for  a  certain  amount  of  flexibility  in  the  connection 
between  the  tube  and  the  drill  stock.  The  tube  is  revolved 
by  the  gearing  of  the  drill  stock  while  it  is  supplied  with  a 
mixture  of  No.  4  emery  and  water  or  emery  and  turpentine. 
The  pressure  on  the  drill  stock  should  be  light,  and  the 
tube  nuist  be  lifted  frequently  to  allow  a  fresh  supply  of 
emery  to  reach  the  surface  being  cut.  This  device  makes  a 
hole  in  the  glass  in  a  short  time. 

II  a  larger  aperture  is  desired,  the  glass  is  first  drilled  in 
the  manner  described,  and  enlarged  by  careful  cutting  with 
a  diamond. 

LKNS    MAKING. 

i  o  make  an  ordinary  lens  requires  a  certain  degree  of 
manipulative  skill,  but  when  compared  with  a  fine  job  of 
filing,  titting.  or  even  turning,  it  is  easy,  and  there  is  a 
iliaiin  about  making  a  nicely  polished  lens  which  is  not 
found  in  n)rtal  wtirking.  The  tyro  should  commence  with 
.small  j'l.iiio  and  double  convex  lenses,  which  he  may  mount 
vin^l\  I'l  in  p.iii>.  After  attaining  a  fair  proficiency  in  mak- 
ing i!n  SI  iu  liiAV  inoceed  to  larger  work,  and  afterward  bv 
ioii;  ii'ij^  >t-i<i\  with  practice  he  will  be  able  to  make  fine 
V.  tik.  s  ;*  i-  .1--  ih<  .KJiromatic  objectives  of  microscopes  and 
leK-'V'  :  «  -.  «  \t  j  ii  lis.  lantirn  objectives,  etc. 

J  Ik  VI  >\  inm^  to  be  clone  in  the  way  of  the  preparation 
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nf  tools  for  lens  grinding  is  to  make  gauges  or  patterns  with 
which  to  gauge  the  convexity  of  the  grinding  tools.  These 
may  be  made  irom  pieces  of  sheet  brass  about  one  thirty- 
second  inch  in  thickness,  the  plates  for  gauges  for  convex 
tools  being  chucked  on  a  plane  board  secured  to  the  face 
plate  of  the  lathe,  and  the  circnlar  aperture  turned  out. 
The  plate  should  be  beveled  each  way  fri»m  the  aperture, 
forming  a  knife  edge,  and  it  should  be  separated  by  a  saw 
into  two  or  four  parts»  according  to  the  size  ^f  the  lenses  to 
be  ground,  as  shown  at  i.  Fig,  641  The  radius  of  the  cir- 
cle so  fomied  will  be  approximately  the  focus  of  a  double 
convex  of  this  curvature,  and  the  diameter  of  the  circle  is 
approximately  the  focus  of  a  plano-convex  lens  of  the  same 
curvature. 

Gauges  for  concave  tools  or  concave  lenses  are  made  by 
turning  disks  of  brass  with  V-shaped  edges,  as  shown  at 
2,  and  an  instrument  for  shaping  small  concave  grind- 
ing tools  is  shown  at  3.  It  consists  of  a  sharpened  steel 
disk  attached  to  or  formed  upon  the  end  of  a  bar,  and 
used  as  a  scraper  for  giving  the  final  shape  to  the  concave 
fjrinding  t^mls. 

For  grinding  convex  lenses  it  is  well  to  have  two  con- 
cave tools  like  that  at  4.  This,  as  well  as  other  grinding  tools 
for  small  work,  should  be  made  of  brass.  Drawn  brass  is 
preferable,  as  it  is  usually  better  metal,  and  more  homo- 
geneous than  castings,  and  needs  no  external  turning. 

Having  determined  on  the  focus  of  the  lens  to  be 
ground,  the  brass  is  chucked  in  the  lathe,  and  hollowed  out 
as  nearly  to  the  correct  form  as  possible,  the  gauge  shown 
in  2  being  used  from  time  to  time  to  determine  when  the 
proper  concavity  is  reached.  The  grinding  tool  is  finally 
scraped  with  the  cutter,  3.  The  counterpart  of  the  con- 
cave tool  at  5  is  now  turned  as  nearly  to  the  gauge  shown 
at  I  as  possible,  and  is  finally  ground  into  the  concave  tool 
With  washed  flour  emery  and  water, 

A  tool  like  that  shown  at  6  is  necessary  for  finishing 
small  lenses.  It  consists  of  a  cylindrical  piece  of  brass  hav- 
ing a  chamber  turned  in  the  end  for  the  reception  ot  a  mix- 
ture of  pure  hard  beeswax   and  fine   rouge.     This  mixture 


should  contain  sufficient  rouge  to  make  it  rather  hard,  but 
nol  so  hard  as  not  to  yield  under  strong  pressure. 

The  glass  for  small  lenses  may  be  clipped  from  bits  o( 


Fig.  641. 


3. 


€^ 


5. 


Too;*  k^r  Gr:i>dir»c  Sco-iT  Leasee 
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ground  on  a  common  grindstone  until  it  approximates  the 
required  shape.  It  is  then  ground  with  fine  emery  and 
water  in  one  of  the  concave  brass  tools  until  a  truly  spher- 
ical surface  is  secured.  It  is  then  transferred  to  the  other 
brass  tool,  and  ground  with  tine  washed  flour  emery  until 
the  surface  is  fine  and  entirely  free  from  scratches.  During 
the  grinding  as  well  as  polishing,  the  stick  to  which  the 
glass  is  cemented  must  be  turned  axiatly,  and  at  the  same 
time  its  outer  end  must  be  moved  about  the  prolongation 
of  the  axis  of  thegrinding  tool  so  as  to  present  the  glass  to 
every  portion  of  the  grinding  tool  as  nearly  as  possible* 

The  final  polish  is  secured  by  pressing  the  smoothed 
glass  into  the  wax  in  the  end  of  the  tool  shown  at  6  as  the 
tool  is  revolved,  and  at  the  same  time  applying  fine  rouge 
and  water  from  time  to  time*  When  the  polish  is  nearly 
perfect,  the  tool  should  be  allowed  to  work  nearly  dry. 

For  a  plano-convex  lens  the  plane  surface  of  the  plate 
glass  will  answer  very  well  for  the  plane  surface  of  the  lens, 
and  the  glass  will  be  ground  down  as  shown  at  8.  If  the 
lens  is  to  be  double  convex,  the  finished  spherical  surface 
should  be  cemented  to  the  end  of  the  stick,  and  the  opposite 
side  proceeded  with  as  before  described.  There  are  two 
methods  of  finishing  the  edges  of  plano-convex  lenses  :  first, 
by  holding  the  plane  surface  in  a  concave  tool  charged  with 
emery  and  water  until  the  edge  is  beveled  to  the  required 
degree ;  and  second,  by  chucking  the  lens  on  the  end  of  a 
spindle  projecting  from  the  lathe  mandrel,  and  centering 
it  while  the  pitch  or  cement  which  holds  it  is  still  warm. 
Then  a  piece  of  brass,  which  is  concaved  to  conform  nearly 
to  the  periphery  of  the  lens,  is  charged  with  emery  and 
water.  This  tool  is  held  against  the  edge  of  the  lens  after 
the  manner  of  turning.  The  lens  will  soon  assume  a  per- 
fectly circular  shape,  and  may  be  readily  reduced  to  any 
desired  size. 

In  making  concave  lenses  the  convex  tools  will  be  used, 
and  the  final  finish  will  be  given  by  a  piece  of  silk  cemented 
to  the  tool  with  pitch  and  charged  with  rouge  and  water. 

For  grinding  larger  lenses  of  longer  focus  an  attachment 
like  that  shown  in  Fig.  642  will  be  required,     it  consists  of 


i  ^u 
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u  wooden  box  iiupportcd  by  a  curved  arminsertefl  in  the  tool 
rest  suppurt.  A  vertical  journal  box  passes  through  the 
bollotu  of  the  box,  and  contains  a  shaft  having  upon  its 
iijtpcr  end  a  socket  for  receiving  the  grinding  tool,  and  on 
the  U>wer  end  a  grooved  wheel  surrounded  by  a  rubber  fric- 
tion band,  which  is  revolved  by  contact  with  the  face  plate 
of  the  lathe.   Tfjc  speed  of  the  wheel  relatively  to  that  of  the 

Fn,.  642, 


U»a»iSniiUimp  AttaclimeiU  tor  Fool  Lathes. 

iaihe  may  be  varic<l  by  f  the  shaft  by  rais- 

ing or  lowering  the  box     ^  ^  i  j_»ost. 

The  glsL^H  to  be  ground  is  cemented  to  the  face  of  a 
f^  1^  as  shown  at  9*  and  is  held  down  to  the  grind- 

Xi,^^  ,  ,  .  .  me  lever  attached  to  the  box.  The  tool  for  lai^e 
\*oik  may  be  made  of  cast  iron.  The  center  of  the  lens 
should  be  eccentric  to  the  center  o£  the  grinding  tool,  so  that 
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the  lens  will  be  revolved  on  the  face  of  the  tool.  The  point 
projectino^  from  the  lever  enters  a  small  cavity  in  the  center 
of  the  casting,  to  which  the  lens  is  attached,  and  insures  an 
equal  distribution  of  pressure  over  the  entire  surface  of 
the  lens. 

Grinding  and  finishing  a  large  lens  is  substantial!}*  the 
same  as  in  the  case  of  the  smaller  ones,  the  only  difference 
being  in  the  method  of  giving  the  final  poHsh.  In  the  case 
of  a  large  lens,  after  the  fine  grinding,  the  tool  is  heated, 
covered  with  a  thin  coating  of  pitch,  and  a  piece  of  thin 
broadcloth  is  pressed  down  on  the  pitch.  This  broadcloth 
surface  is  charged  with  fine  ruugcand  water,  and  the  lens  is 
pressed  down  on  it  with  considerable  force  as  the  tool  is  re- 
A'olved.  The  cloth  should  be  worked  rather  dry,  and  so 
much  so  at  the  end  of  the  process  as  to  offer  considerable 
resistance  to  the  rotation  of  the  tool. 


SIMPLE  PROCESS  OF  ENGRAVING  GLASS  AND   METALS. 

There  are  very  many  applications  for  an  inexpensive  and 
effectual  method  of  etching  or  engraving  glass  in  various 
forms,  plain  and  plated  metals,  enameled  surfaces,  potter}\ 
etc*  Of  all  existing  processes  for  accomplishing  this  work, 
the  sand  blast  is  undoubtedly  capable  of  the  most  universal 
application.  In  point  of  effectiveness  and  in  general  use- 
fulness it  may  never  be  surpassed,  or  even  equaled ;  yet  a 
substitute  for  it,  even  though  incapable  of  as  extended 
application,  will  find  uses  in  the  arts,  and  will  doubtless  be 
appreciated  by  amateurs. 

Such  a  process  is  illustrated  by  Figs.  643  and  644.  The 
requisites  for  carrying  out  the  process  in  its  simplest  form 
are:  A  pound  of  coarse  emery,  a  pou.:d  of  lead  shot,  a 
wooden  box  10  or  12  inches  long  (a  cigar  box  will  answer 
for  the  experiment),  some  pieces  of  glass  or  metal,  and  some 
paper  patterns  or  stencils.  The  box  is  provided  with  a  clip 
at  the  back  and  a  sliding  clamp  at  the  front  for  holding  the 
plate  to  be  engraved,  and  it  may  with  advantage  be  fur- 
nished with  a  clamping  device  of  the  same  sort  at  the  upper 
end.  The  hd  of  the  box  must  be  provided  with  a  packing 
strip  of  thick  cloth  or  felt,  to  prevent  the  loss  of  emery. 
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The  glass  or  metal  to  be  engraved  is  cleaned  thoroughly, 
and  to  secure  the  best  effects  it  should  be  polished.  A 
paper  stencil  of  the  desired  form  is  fastened  to  the  glass  or 
metal  plate  by  means  of  mucilage  of  good  quality.  The 
pattern  should  be   made  of  thick  writing  paper,  and  care 


Fic.  644. 
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Examples  of  Engraving — Shot  nuiji^ihed,  showing  Enier3'  embedded. 


should  be  taken  to  see  that  every  part  of  the  paper  is 
thoroughly  attached  to  the  plate.  Any  gum  around  the 
edges  of  the  paper  should  be  removed  b3-  means  of  a  moLt 
sponge.  The  exposed  parts  of  the  plate  must  be  perfectly 
clean  and  free  from  streaks,  otherwise  there  will  be  unde- 
sirable  markings  on  the  finished  work* 
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When  metal  plates  are  to  be  engraved,  they  should  be 
well  polished  before  applying  the  stencil,  to  secure  good 
contrasts-  For  coarse  stencils  and  rough  work,  the  shot 
should  be  large  and  the  emery  coarse,  but  for  fine  work 
moderately  fine  shot  and  finer  emery  are  required* 

Alter  the  plates  to  be  engraved  are  placed  in  the  box, 
the  shot  and  the  emery  are  poured  in,  the  box  is  closed 
and  the  lid  fastened,  when  the  box  is  shaken  violently  end* 
wise,  causing  the  shot  and  emery  to  strike  the  plates  at 
opposite  ends  of  the  box  in  alternation.  The  shot,  in  the 
operation  of  driving  the  particles  of  emery  against  the 
jilates,  become  charged  with  particles  of  emery,  as  show^n 
in  Fig.  644, 

The  emery  becomes  so  embedded  in  the  shot  as  to 
be  permanent,  and  a  number  of  shot  thus  armed,  together 
with  loose  emery,  soon  abrade  the  surface  of  the  metal 
or  glass  wherever  it  is  unprotected  by  the  paper,  and 
produce  a  fine  matted  surface,  which  contrasts  strongly 
with  the  polished  parts  of  the  surface  protected  by  the 
j»a[*er.  .Vfter  roughening  the  unprotected  parts  of  the 
plate,  the  paper  stencil  is  soaked  off  and  the  plate  is 
dried,  and  in  case  it  is  metal,  it  is  lacquered. 

Symmelriual  stencils,  which  answer  a  very  good  pur- 
pose, may  be  made  by  cutting  paper  folded  in  various 
ways.  Lace  may  be  employed  as  a  stencil,  and  where  only 
slight  etching  or  engraving  is  required,  the  pattern  may 
be  produced  in  varnish. 

To  adajU  this  method  to  engraving  articles  having 
curved  or  irrcgiuar  surfaces,  the  box  is  left  open  at  the 
lower  end  and  provided  with  a  flexible  sleeve  of  soft  rub- 
ber. 

The  articles  to  be  engraved  are  held  against  the 
sleeve  by  leal  her  straps.  Designs  of  various  kinds  may  in 
this  way  be  permanently  delineated  upon  the  glass  and 
metal  ware^  and  u[Jon  small  panes  of  glass  for  ornamental 
windows,  fc)r  lamji  shades,  etc.  Mirrors  may  be  provided 
around  their  edges  with  leaves  and  flowers,  and  metal  pan- 
els may  be  prepared  (or  various  kinds  of  ornamental  metal 
work. 


ISC 
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In  making  this  lathe  one  pattern  only  will  be  required  for 
the  two  standards  of  the  head  stock,  and  the  support  of  the 
ends  of  the  bars.  The  lower  part  of  the  tail  stock  is  made 
in  two  parts,  so  that  they  may  be  clamped  tightly  together 
on  the  rods  by  means  of  the  bolt  passing  through  both  parts* 
and  prt»vided  with  a  nut  having  a  lever  handle.  The  rest 
support  is  also  made  in  two  parts,  clamped  together  on  the 
rods  in  a  similar  way. 

The  patterns  may  be  easily  sawed  from  ij  inch  pine. 
The  hoSes  that  receive  the  round  bars  should  be  chambered 
to  receive  Babbitt  metal,  used  in  making  the  fit  around  the 
rods  forming  the  lathe  bed,  around  the  head  and  tail  spindles, 
and  around  the  shank  of  the  tool  rest*  The  smallest  diameter 
of  the  holes  that  receive  the  round  bars  should  be  a  little 
less  than  that  of  the  bars,  so  that  the  several  pieces  that  are 
placed  on  the  bars  may  be  fitted  to  hold  them  in  place  while 
the  Babbitt  metal  is  poured  in. 

The  dimensions  of  the  lathe  are  as  follows : 

Length  of  round  bars  forming  shears*  24  inches  ;  diameter 
of  bars,  i  inch  ;  distance  from  the  upper  side  of  upper  bar  to 
center  of  spindle,  3  inches ;  between  bars,  j  inch  ;  between 
standards  that  support  the  mandrel,  3I  inches;  size  of  stand- 
ard above  shears,  fxij^  inches;  diameter  of  head  and  tail 
spindles,  f  inches ;  diameter  of  pulleys,  5  inches,  3*  inches^ 
and  2  inches ;  width  of  base  of  standards,  5  inches  ;  height  of 
standards,  7  inches* 

The  mandrel  should  be  enlarged  at  the  face  plate  end^ 
and  tapered  at  both  ends,  as  indicated  in  the  engraving. 

The  pulleys^  which  are  of  hard  wood,  are  made  of  three 
pieces  glued  together,  bored,  and  driven  on  the  mandrel, 
secured  by  a  pin  passing  through  the  mandrel.  The  puU 
ley  is  turned  and  grooved  to  receive  a  round  belt.  The  r€>ds 
forming  the  bctl  may  be  either  cold-rolled  iron  or  round  ma- 
chinery steel;  they  w'M  require  no  labor,  except  perhaps 
squaring  up  at  the  ends.  The  castings  having  been  fitted  to 
the  l>ars,  and  provided  with  set  screws  for  clamping  them, 
the  two  standards  that  supj>ort  the  mandrel  and  the  support 
fur  the  opp«»sitc  end  of  the  bars  are  put  in  position,  when 
the  bars  are  made  truly  parallel,  and  a  little  clay  or  putty 
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is  placed  around  each  bar  and  over  the  annular  cavity  that 
surrounds  it,  and  is  formed  into  a  spout  or  lip  at  the  upper 
side  to  facilitate  the  pouring  of  Babbitt  metal.  The  metal 
must  be  quite  hot  when  poured,  so  that  it  will  run  sharp 
and  fill  the  cavity.  To  guard  against  a  possible  difficulty  in 
removing  the  castings  from  the  bars,  the  side  of  the  bar 
next  the  screw  is  covered  with  a  thin  piece  of  paper. 

The  pieces  of  the  tail  stock  and  tool  rest  support  are 
fitted  to  the  bars  by  means  of  Babbitt  metal,  the  metal 
being  poured  first  in  one  half  and  then  in  the  other.  The 
bolts  which  clamp  the  two  parts  of  the  rest  support  and  tail 
stock  together  are  provided  with  lever  handles.  After  fit- 
ting the  parts  to  the  two  bars  by  means  of  Babbitt  metai, 
the  tail  spindle,  which  is  threaded  for  half  its  length,  is 
placed  in  the  tail  stock  parallel  with  the  bars  and  Babbitted. 
A  binding  screw  is  provided  for  clamping  the  tail  spindle, 
and  the  spindle  is  drilled  at  one  end  to  receive  the  center, 
and  has  at  the  other  end  a  crank  for  operating  it. 

A  steel  or  bronze  button  is  placed  in  the  hole  in  the 
standard  that  supports  the  smaller  end  of  the  live  spindle, 
and  the  spindle  is  supported  in  its  working  position  and 
Babbitted. 

The  thread  on  the  spindle  should  be  rather  coarse,  so 
that  wooden  or  type  metal  face  plates  and  chucks  may  be 
used. 

The  table  shown  in  Fig.  647  is  simple  and  inexpensive. 
It  consists  of  two  pairs  of  crossed  legs  halved  together  and 
secured  to  a  plank  top.  A  small  rod  passes  through  the 
rear  legs  near  their  lower  ends,  and  also  through  a  piece  of 
gas  pipe  placed  between  the  legs.  A  diagonal  brace  is 
secured  to  the  top  near  one  end,  and  is  fastened  to  the  lower 
end  of  the  rear  leg  at  the  other  end  of  the  table. 

A  block  is  secured  to  each  pair  of  legs  for  supporting  a 
pair  of  ordinary  grindstone  rollers,  which  form  a  bearing 
for  the  balance  wheel  shaft.  This  shaft  has  formed  in  it 
two  cranks,  and  it  carries  an  ordinary  balance  wheel, 
to  the  side  of  which  is  secured  by  means  of  hook  bolts  a 
grooved  wooden  rim  for  receiving  the  driving  belt. 

The  cranks  are  connected,  by  means  of  hooks  of  ordi- 
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^^ilise  is  reached.     The  wooden  rim  may  be  turned  off  in  posi- 
tion by  using  a  pointed  tooL 

The  lathe  above  described,  although  very  easih^  made 
and  inexpensive,  will  be  found  to  serve  an  excellent  purpose 
for  all  kinds  of  hand  work,  drilling,  polishing,  lens  making, 
wood  and  brass  turning;  also  for  use  in  many  experiments 
involving  rotary  motion, 

TEMPERING   DRILLS. 

A  very  simple  and  effective  method  of  hardening  and 
tempering  small  drills  ^V  ii^^h  in  diameter  and  under  isillus- 

Fig.  648. 


Tempering  Small  Drills. 

trated  in  Fig.  648,  It  consists  in  heating  the  drill  to  a  cherry 
red,  and  immediately  plunging  it  into  a  ball  of  beeswax. 
This  operation  will  give  the  drill  the  proper  temper  for  all 
ordinary  work,  and  will  leave  it  tough  and  strong. 

KNURLING. 

It  is  often  desirable  to  knurl  or  mill  the  edge  of  a  screw 

Fig.  649. 


KnuiliDg. 

head  or  other  circular  pieces  when  no  knurl  is  at  hand.  This 
may  be  accomplished  by  rolling  the  screw  head  back  and 
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l(»rth  under  u  millfile  as  shown  in  Fig.  649.  The  lower  edge 
of  the  screw  head  should  roll  upon  hard  wood. 

WIKK  APPARATUS  FOR  LABORATORY  USE. 

/  Before  the  year   1351   everything  known  as   wire   was 

huuu\u*red  out  by  hand,  but  at  that  date  or  thereabout  the 
art  of  wire  ilrawing  was  invented.  Since  thjn  the  art  has 
been  ileveloped  and  expanded,  so  that  at  the  present  time 
wire  ilrawin^  is  one  k\\  the  leading  industries,  and  we  have 
wire  of  every  size  anil  shape  made  from  all  of  the  ductile 
metals,  and  useil  in  an  infinite  number  of  ways. 

Several  new  as  well  as  some  well  known  forms  of  labor- 
atory appliances  maile  of  wire  are  shown  in  Figs.  650,  651, 
and  05  J.  The  few  examples  of  wire  apparatus  for  the  labor- 
atory  given  in  the  engraving  will  not  only  be  found  useful, 
but  will  pri>ve  suggestive  4.>f  other  things  equally  as  good. 
Wire  is  invaluable  for  these  and  kindred  purposes. 

t'ieces  of  apparatus  may  often  be  made  in  the  time  that 
would  Iv  re^iuirci.!  to  orvler  or  send  for  them,  thus  saving  a 
great  deal  of  tiuK\  to  s;iy  nothing  of  expense,  which  is  no 
inconsi^^lerable  item  in  matters  of  this  sort. 

It  i.N  perhaps  unneccss;iry  ti.>  describe  fully  in  detail  each 
article  representee.!  in  the  engraving,  as  an  explanation  of  the 
mauipulati«.>ns  required  in  forming  a  single  piece  will  applv 
tv»  \\\M\\  ol  the  others. 

For  most  i.»t  the  apparatus  shown,  sc>me  practically  unox- 
idable  \\ire  should  be  selected,  such  as  brass  or  tinned  iron. 
uikI  the  tiK^ls  W>x  torming  these  articles  of  wire  consist  of  a 
\K\\\  \yi  cutting  pliers,  a  pair  .>t  Hat  and  a  pair  of  round-nosed 
plicis,  a  le\^  c\  iiuvlricai  manvirels  'U  wood  or  metal,  made  in 
Jiitci  cut  nIzcs,  and  a  small  bench  \  ise.  Any  or  all  of  the 
ai  livlcN  ina\  Iv  mavle  in  dirterent  si^es  and  of  different  sizes 
.>i  \v;ic  M>r  vlitlercnt  ;>urt.>v^>cs. 

Kv.cKucc  b>  the  iiiviividuai  picc^fs  will  be  made  by  num- 
Ki   u;T'iv>ia  'c>;ai\l  ?o  tiic  rii^ure  in  which  thev appear. 

\  ».      Niu>A>  .1  iMir   >i   !iiiii;;ed  tongs,  which  are  useful  for 

KUK:ii;ii,  .vM.>  -ilK'LiI  '.IK'  •ui'uice,  :or  holding  a  coal  or  piece 

•w  ■  'w.ii.^.'.  xJi  'iK-   '  'i    >a''A  !.»ipc  'vijriv.  and  :or  holdings  lar^  test 

'....»v>  u.v.   i.i>.<>,  AK'i    •i'Xidc'.i  Aith  two  notched  corks,  as 
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shown  at  2  and  14,  These  tongs  are  made  by  first  winding 
the  wire  of  one  half  around  the  wire  of  the  other  half  to  form 
the  joint,  then  bending  each  part  at  right  angles,  fornning  on 
one  end  of  each  half  a  handle,  and  upon  the  other  end  a  ring. 
By  changing  the  form  of  the  ring  end  the  tongs  are  adapted 
to  handling  crucibles  and  cupels  and  other  things  in  a 
muffle. 

No.  3  shows  a  pair  of  spring  tongs,  the  construction  of 
which  will  be  fully  understood  without  explanation.  It  may 
be  said,  however,  that  the  circular  spring  at  the  handle  end 
is  formed  by  wrapping  the  wire  around  any  round  object 
held  in  the  vise;  the  rings  at  the  opposite  end  are  formed  in 
the  same  way.  The  best  way  to  form  good  curves  in 
the  wires  is  to  bend  them  around  in  some  suitable  mandrel 
or  form. 

No.  4  shows  a  spring  clamp  for  holding  w^ork  to  be  sol- 
dered or  cemented.     It  may  also  be  used  as  a  pinch  cock. 

No.  5  represents  a  pair  of  tweezers,  which  should  be  made 
of  good  spring  wire  flattened  at  the  ends. 

No.  6  is  a  clamp  for  mounting  microscope  slides  and  for 
holding  small  objects  to  be  cemented  or  soldered. 

No.  7  is  a  pinch  cock  for  rubber  tubing;  its  normal  posi- 
tion is  closed,  as  in  the  engraving,  but  the  end,  *?,  is  capable 
of  engaging  the  loop,  ^,  so  as  to  hold  the  pinch  cock  open. 

No,  iS  shows  a  clamp  or  pinch  cock  having  a  wire,  r, 
hooked  into  an  eye  in  one  side,  and  extending  through  an 
eye  funned  in  the  other  side.  This  wire  is  bent  at  right 
angles  at  its  outer  end  to  engage  a  spiral,  d,  placed  on  it  and 
acting  as  a  screw.  The  open  spiral  is  readily  formed  by 
wrapjiing  two  wires  parallel  to  each  other  on  the  same  man* 
drel,  and  then  imscrewing  one  from  the  other.  The  handle 
will  of  course  be  formed  by  aid  of  pliers. 

No,  0  is  still  another  form  of  pinch  cock.  It  is  provided 
with  two  thumb  pieces,  which  are  pressed  when  it  is  desired 
to  (*pen  the  jaws. 

No.  10  is  a  tripod  stand,  formed  by  twisting  three  wires 
li>gether.  This  stand  is  used  for  supporting  various  articles, 
such  as  a  sand  bath  or  evaporating  dish,  over  a  gas  flame.  It 
is  alsi*  useful  in  supporting  charcoal  in  blowpipe  work. 
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No.  1 1  shows  a  stand  adjustable  as  to  height  for  support- 
ing the  beak  of  a  retort,  or  for  holding  glass  conducting  or 
condensing  tubes  in  an  inclined  position. 

The  retort  or  filter  stand,  represented  at  12,  is  shown 
clearly  enough  to  require  no  explanation.  Should  the  fric- 
tion of  the  spiral  on  the  standard  ever  become  so  slight  as  to 
permit  the  rings  to  slip  down^  the  spirals  may  be  bent  later- 
ally,  so  as  to  S|>ring  rightly  against  the  standard. 

No*  13  shows  an  adjustable  test  tube  holder,  adapted  to 
the  standard  shown  at  12,  and  capable  of  being  turned  on  a 
peculiar  joint,  so  as  to  place  the  tube  in  any  desired  angle. 
The  holder  consists  of  a  pair  of  spring  tongs,  having  eyes  for 
receiving  the  notched  cork,  as  shown  at  14.  One  arm  of  the 
tongs  is  ctiriiigated  to  retain  the  clamping  ring  in  any  posi- 
tion along  the  length  of  the  tongs.  Fhe  construction  of  the 
joint  by  which  the  tongs  are  supported  from  the  slide  on  the 
standard  is  clearly  shown  at  13^.  It  consists  of  two  spirals, 
gt  //,  the  spiral,  //»  being  made  larger  than  the  spiral,^,  and 
screwed  over  it,  as  shown  at  13,  This  holder  is  very  light, 
strong,  and  convenient. 

Nt)*  15  represents  a  holder  for  a  magnifier,  which  has  a 
joint,  /',  similar  to  the  one  just  described.  The  slide,  >(% 
is  formed  of  a  spiral  bent  at  right  angles  and  offset  to  ad- 
mit of  the  tw«i  straight  wires  passing  each  other.  This 
hoUlcr  may  be  used  to  advantage  by  engravers  and  draughts- 
men* 

No,  l<^  shows  a  holder  for  a  microscope  condenser,  the 
difference  between  this  and  15  being  that  the  ring  is  made 
double  to  itceive  an  unmounted  lens. 

No.  \y  shows  a  Bunsen  burner,  formed  of  a  common 
burner,  having  a  surrotiiKling  tube  made  of  wire  wound  in  a 
spimU  An(t  di^wn  apart  near  the  top  of  the  burner  to  admit 
tiie  air.  which  mingles  with  the  gas  before  it  is  consumed  at 
the  upi>er  end  i>t  the  spiral. 

No.  18  represents  a  ci>nnector  tor  electrical  wires,  which 
explains  itself*  The  juirt  with  a  double  loop  may  be  attached 
10  a  fixcil  object  by  means  of  a  screw.  Another  electrical 
cininector  Js  shown  at  19,  one  jKirt  of  which  consists  of  a 
spiral  having  an  eye  foriticd  at  each  end  for  receiving  the 
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screws  which  fasten  it  to  its  support ;  the  other  part  is  simply 
a  stnii^l\t  wire  having  an  eye  at  t>ire  end.  The  connection 
is  made  by  inserting  the  straight  end  in  the  spiral.  To  in- 
crease the  friction  of  the  two  parts,  either  of  them  may  be 
curved  more  or  less. 

A  microscope  stand  is  shown  at  20,  The  magnifier  is 
supported  in  the  ring,  0.  The  ring,  /,  supports  the  slide,  and 
the  double  ring,  f/,  receives  a  piece  of  looking  glass  or  polished 
metal,  which  serves  as  a  reflector. 

No.  2\  shows  a  set  of  aluminum  grain  weights  in  common 
use.  The  straiglit  wire  is  a  one-grain  weight,  the  one  with 
a  single  bend  is  a  two*grain  weight,  the  one  having  two 
bends  and  forming  a  triangle  is  a  three-grain  weight,  and 
so  on, 

Nos.  22  and  23  are  articles  now  literally  turned  out  by  the 
miUion.  It  is  a  great  convenience  to  have  one  of  these  inex- 
pensive little  corkscrews  in  every  cork  that  is  drawn  occa- 
sionally, thus  saving  the  trouble  of  frequently  inserting  and 
renun  ing  the  curkscrew. 

The  cork  puller  shown  at  24  is  old  and  well  known,  but 
none  the  less  useful  for  removing  corks  that  have  been 
pushed  into  the  btvttle.  and  for  holding  a  cloth  or  sponge  for 
cleaning  tubes,  flasks,  etc. 

No.  25  shows  a  stand  for  test  tubes.  The  wire  is  formed 
into  series  of  loops  and  twisted  together  at  r  to  form  legs* 
A  very  useful  supj^nirt  for  flexible  tubes  is  shown  at  26.  It 
consists  of  a  wire  formed  inti>  a  loop,  and  having  its  ends 
bent  in  opposite  directi<.»ns  to  form  spirals*  A  rubber  tube 
supported  by  this  device  cannot  bend  so  short  as  to  injure  it. 

Mi>st  of  the  articles  described  above  may  be  made  to  the 
best  advajitagc  from  tinned  wire,  as  it  possesses  sufficient 
stiffness  to  spring  welU  and  at  the  same  time  is  not  so  stiff  as 
lu  prevent  it  fn>ni  being  bent  into  almost  any  desired  form* 
Besides  this  the  tin  coaling  protects  the  wire  from  corrosion 
and  givc^  it  a  good  appearance, 

CORK  BORER, 

An  effective  cork  borer  can  be  made  by  forming  a  tube  of 
^ixk,  iillowittg  the  edges  to  abut,  and  sharpenmg  the  ends  of 
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the  tube  by  means  of  a  fine  file  as  shown  in  Fig.  653.  To 
prevent  tearing  the  cork  by  the  interruption  of  the  cutting 
edge  at  the  seam  of  the  tube,  the  edge  is  notched  at  this 
point  as  shown. 

A  wire  handle  is  soldered  to  the  unsharpened  end  of  the 
tube. 

APPARATUS   FUR   SOLDERING  AND    MELTING. 

No  laboratory  is  complete   without   an   efficient  blow- 
pipe and  some  means  for  operating  it ;  and  while  it  is,  as 

Fia  653, 


Cork  Perforator, 


a  rule,  advisable  to  purchase  apparatus  of  this  class  rather 
than  make  it,  a  few  hints  on  the  construction  of  a  bellows, 
a  blowpipe,  and  a  small  furnace  may  not  be  out  of  place. 
The  bellows  and  furnace  are  of  the  kind  devised  by  Mn 
Fletcher. 

In  the  construction  of  the  bellows  the  following  mate- 
rials are  required:  Two  hard  wood  boards  10  X  11  inches, 
and  i  inch  thick ;  one  circular  board  i  inch  thick  and  9 
inches  in  diameter ;  one  piece  of  heavy  sheepskin  30  inches 
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'^i^g»  7  inches  wide  at  the  middle,  and  tapering  to  2  inches 
at  the  ends ;  two  disks  of  elastic  rubber,  each  1 1  inches  in 
diameter  and  3V  i"^h  thick ;  one  small  scoop  net ;  3  inches 
of  f  brass  tubing;  three  small  hinges;  a  spiral  bed  spring, 
and  two  iron  straps. 

The  lox  II  inch  boards  are  rounded  at  the  ends,  as 
shown  at  1  and  2,  Fig.  654,  and  their  square  ends  are  con- 
nected together  by  the  hinges  as  shown  at  4.  A  hole  is 
made  in  the  lower  board  near  the  hinged  end  and  covered 

Fig,  654, 


2 


/iHMj:/r 


Blowpipe  Bellows. 


by  the  vulve  shown  at  3.  The  valve  consists  of  a  soft 
piece  of  leatlier,  liaving  attached  to  it  two  wooden  blocks, 
one  of  which  is  fastened  to  the  board  in  position  to  hold 
the  other  in  the  positi«)n  of  use.  These  blocks  are  beveled 
so  as  to  give  the  valve  sutlicient  lift  and  at  the  same  time 
limit  iu  upward  motion.  The  circular  board  has  a  groove 
turned  in  its  edge,  and  in  a  hole  formed  in  its  edge  is  in- 
serted the  bra^  lube.  A  hole  is  bored  into  the  top  of  the 
circular  boards  which  communicates  with  the  inner  end  of 
the  bnisi  tube,  and  a  series  ot  holes  are  made  in  the  cir- 
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cular  board,  which  also  passes  through  the  upper  board  of 
the  bellows.  Over  these  holes  is  placed  a  strip  of  soft, 
close-grained  leather,  which  is  secured  by  oailing  at  the 
ends.     This  leather  strip  forms  the  upper  valve. 

The  bed  spring  is  secured  to  the  upper  and  lower 
boards,  and  the  bellows  is  ready  to  receive  its  covering. 
The  spring,  the  hinges,  and  the  valves  should  be  secured 
with  great  care,  as  they  are  inaccessible  when  the  leather 
covering  and  the  rubber  disks  are  in  place.  The  boards 
are  closed  together,  reducing  the  space  between  them  to 
about  5i  inches.  They  are  held  in  this  position  in  any 
convenient  way  until  the  cover  is  attached.  The  leather 
covering  is  glued,  and  tacked  at  frequent  intervals.  The 
leather  is  carried  around  the  corner  and  over  the  hinged 
ends  of  the  boards.  An  additional  piece  of  leather  is  glued 
over  the  hinged  end,  and  a  narrow  strip  of  leather  is  glued 
to  the  edges  of  the  boards  to  cover  the  tacks  and  the 
edges  of  the  leather  covering.  The  job  will  be  somewhat 
neater  if  the  edges  of  the  boards  are  rabbeted  to  receive 
the  edge  of  the  covering  and  the  tacks. 

The  rubber  disks  are  stretched  over  the  circular  board 
and  secured  by  a  strong  cord  tied  over  the  rubber  and  in 
the  groove  in  the  edge  of  the  board.  The  net  is  after- 
w^ard  secured  in  place  in  the  same  way.  The  net  should 
be  so  loose  as  to  allow  the  rubber,  when  inflated,  to  assume 
a  hemispherical  form,  as  shown  at  5,  A  cleat  is  attached  by 
screws  to  the  hinged  end  of  the  lower  board,  and  a  straight 
iron  strap  is  attached  to  the  rounded  end  of  the  same 
board.  The  corresponding  end  of  the  upper  board  is  pro- 
vided with  an  offset  iron  bar,  upon  which  the  foot  is  placed 
when  the  bellows  is  used.  The  hole  closed  by  the  lower 
valve  is  covered  by  a  piece  of  fine  wire  gauze  tacked  to  the 
under  surface  of  the  lower  board  to  prevent  the  entrance 
of  lint  and  dust. 

The  blowpipe,  which  is  connected  with  the  brass  tube  of 
the  bellows  by  means  of  a  rubber  pipe,  is  shown  in  section 
in  the  upper  part  ol  Fig.  656.  It  consists  of  two  pipes 
attached  to  each  other  and  adapted  to  receive  the  rubber 
pipe  connections  at    one   end.     At    the  opposite  end  they 
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arc  aiTanged  concentrically,  the  aperture  of  the  smaller  pipe 
— ^which  receives  the  air^ — being  reduced  O'OS  of  an  inch. 
The  outer  and  larger  pipe,  which  receives  the  gas,  is  pro- 
vided with  a  sliding  nozzle,  by  means  of  which  the  flow  of 
g;^s  can  i>e  easily  controlled.  The  internal  diameter  of  the 
smaller  end  i»f  the  nuzzle  is  one-quarter  inch.  These  dimen- 
sions are  correct  only  for  a  blowpipe  for  small  and  medium 
work,  /*  i' »  for  brazing  or  soldering  the  average  work  done 
in  the  making  of  physical  instruments  ;  for  melting  two  or 
three  ounces  of  gold,  silver,  brass,  and  other  metals ;  and 
for  forging  and  tempering  tools  and  small  articles  of  steel, 
and  for  glass  blowing  on  a  small  scale. 

The  gas  is  taken  from  an  ordinary  fixture  by  means  of  a 
rubber  tube,  the  supply  being  regulated  entirely  by  the 
movable  nozzle  of  the  blowpipe.  The  force  of  the  blast 
varies  with  the  manner  in  which  the  bellows  is  operated. 


Fn. 


Grind  mg  Ho  rax. 


One  of  the  best  supports  for  articles  to  be  brazed  or  soU 
denrd  is  a  brick  of  pumice  stone.  It  heats  quickly,  is  very 
rclmctory,  it  admits  of  securing  the  work  by  tacks  or  nails 
driven  into  it.  It  has  the  further  advantage  of  being  in. 
cotiibustibte.  The  work  to  be  brazed  or  soldered  must  be 
well  titled,  L  <*,,  there  must  be  a  good  contact  between  the 
abutting  or  overlapping  edges,  and  the  contact  surfaces  must 
be  well  painted  with  a  cream  formed  bj-  grinding  borax 
with  a  few  drops  of  water  on  a  slate  (Fig.  655),  When 
necessar>%  the  work  may  be  held  tc^ether  by  an  iron 
binding  wire.  The  solder  is  coated  with  the  borax  cream 
before  it  is  applied  to  the  joint.  For  most  work  silver 
wider  is  preferreil.  as  it  is  verv  strong,  being  both  duc- 
tile aiid  malleable. 

The  work  is  heated  gradually  until  the  water  of  crystal- 
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lization  is  driven  {rom  the  borax,  then  the  work  is  heated 
all  over  until  the  solder  is  on  the  point  of  melting,  when  a 
concentrated  flame  is  applied  to  the  joint  until  the  solder 
flows.  Care  should  be  taken  to  use  the  reducing  flame 
rather  than  the  oxidizing;  flame.  Should  it  be  found  diffi- 
cult to  confine  the  heat  to  the  work,  pieces  of  pumice  stone 
may  be  placed  around  the  part  cfintaining  the  joint,  as  shown 
in  Fig.  656. 

A  large  number  of  small  articles  may  be  easily  and  quickly 

Fits.  656. 


Brazing. 


soldered  by  placing  them  on  a  bed  formed  of  small  lumps 
of  puraice  stone  and  proceeding  from  one  article  to  another 
in  succession. 

For  supporting  small  work»  having  a  number  of  joints 
and  requiring  much  fastening,  the  slabs  of  asbestos  are  very 
desirable.  For  very  small  work  to  be  done  with  the  mouth 
blowpipe,  the  prepared  blocks  of  willow  charcoal  are  used. 

After  soldering,  the  borax  may  be  removed  bv  boiling 
the  article  in  sulphuric  acid. 

If  the  work  is  of  such  a  character  that  it  is  inconvenient 
to  clasp  or  rivet  it  together,  or  even  to  wire  it,  it  may  be 
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soldered  may  be  prevented  from  melting  by  incasing  the 
work  in  the  foUowing  manner  : 

'  Take  equal  parts  ot  plaster  of  Paris  and  fine,  sharp  sand; 
add  a  sufficient  quantity  of  water  to  make  a  thick  batter, 
and  imbed  the  work  in  it»  leaving  the  entire  joint  to  be  sol- 
dered and  the  adjacent  parts  exposed.  Care  must  be  taken 
to  not  get  the  plaster  into  the  joint,  as  that  would  prevent 
the  solder  flowing. 

It  is  difficult  to  hold  all  the  various  parts  which  are  to  be 
united  so  as  to  apply  the  plaster ;  the  parts  may  be  put  into 
position  one  b)^  one,  and  fastened  temporarily  by  means  of 
a  drop  of  wax,  which,  when  the  work  is  incased  and  the 

Fig,  659- 
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Solderinn  Iron 


plaster  sets,  may  be  readily  melted  out  and  the  flux  and 
solder  applied.  In  every  case  where  it  is  possible,  the  flux 
should  be  well  brushed  into  the  joints  before  placing  the 
work  on  its  support.  A  convenient  way  of  preparing  flux 
for  small  work  is  to  rub  a  piece  of  borax  about,  with  a 
few  drops  of  water,  on  a  porcelain  slab  or  common  slate, 
as  before  described,  until  it  appears  like  paste  ;  this  should 
be  applied  to  the  work  with  a  camel's  hair  pencil.  Small 
pieces  of  solder  are  dipped  into  the  borax  paste  and  put 
on  the  joints  of  the  work.  A  pair  of  tweezers  will  be  found 
convenient  for  this. 

When  the  job  is  incased  as  in  Fig.  658,  it  may  be  placed 
in  a  common  fire  until  it  has  nearly   attained  a  red  heat, 
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when  it  will  be  found  that,  on  applying  the  blowpipe,  the 
solder  will  readily  flow  with  little  expenditure  of  time  and 
breath. 

A  few  solders,  the  metal  to  which  they  are  applied,  and 
their  appropriate  fluxes,  are  tabulated  below : 

NAME.  COMPOSITION. 

Soft,  coarse Tin,  i ;  lead,  2. 

Solt,  fine Tin,  2;  lead,  i. 

Soft,  fusible Tin,  2 ;  lead,  i  ;  bis.,  i. 

Pewterer's Tin,  3  ;  lead,  4  ;  bis.,  2. 

Spelter,  soft Copper,  i  ;  zinc,  i. 

Spelter,  hard Copper,  2 ;  zinc,  i. 

Silver,  fine Silver,  66  6  ;  copper,  23*4 ;  zinc,  10. 

Silver,  common Silver,  66*6  ;  copper,  30 "o  ;  zinc,  3*4. 

Silver,  for  brass  and  iron  Silver,  i  ;  brass,  1. 

Silver,  more  lusible  Silver,  i ;  brass,  i ;  zinc,  i. 

Cold,  for  18  carat  gold \    gtt  ^^,^"''^,.iZ'r^,'^-. 

'  ®  (    Silver,  i6'7  ;  copper,  16*7. 

Oold,  more  fusible Same  as  above  with  a  trace  of  zinc. 

Platinum Fine  gold. 

MATERIAL  TO  BE  SOLDERED.  SOLDER.  FLUX. 

Tin Soft,  coarse  or  fine.  Resin  or  zinc,  chl. 

Lead . .       Soft,  coarse  or  fine  Resin. 

Brass,  copper,  iron  and  zinc. . . .  Soft,  coarse  or  fine.  Zinc,  chl. 

Pewter Pewterer's  or  fusible.  Resin  or  zinc,  chl. 

Brass Spelter,  soft.  Borax. 

Copper  and  iron Spelter,  soft  or  hard.  Borax. 

Brass,  copper,  iron,  steel Anv  silver,  S.  Borax. 

Gold Gold,  S.  Borax. 

Platinum. Fine  gold.  Borax. 

The  chloride  of  zinc  solution  is  prepared  by  dissolving 
zinc  in  muriatic  acid  to  repletion  and  diluting  with  an  equal 
quantity  of  water.  For  iron,  a  small  quantity  of  sal-ammo- 
niac may  be  added.  For  large  work,  where  spelter  is  used, 
it  is  powdered  and  mixed  with  pulverized  borax,  the  mix- 
ture made  into  a  thick  paste  with  water,  and  applied  with 
a  brush. 

Soft  solders  are  fused  with  a  copper  (known  in  the  trade 
as  a  soldering  iron)  or  blowpipe  after  the  application  of 
the  appropriate  flux. 

While  the  work  is  still  hot  and  the  solder  fluid,  any  sur- 
pUis  may  be  nicely  removed  with  a  moist  brush.  A  neat 
joint  may  be  made  between  closely  fitting  surfaces  by  plac- 
ing a  piece  of  tin-foil  between  the  parts,  and  fusing  in  a  plain 
or  blowpipe  flame. 
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Just  here,  perhaps,  it  is  well  to  notice  the  action  and  use 

of  the  blowpipe  and  the  structure  of  the  blowpipe  flame. 

When  a  jet  of  air  from  a  blowpipe  is  directed  into  a 
gas  or  alcohol  flame,  the  form  of  the  flame  is  changed  to  a 
slender  cone,  having  at  two  points  characteristics  which 
differ  w^idely.  There  is  a  slender  internal  pencil,  having  a  \ 
fine  bhie  color,  which  is  known  as  the  reducing  flame,  shown 
at  a  in  Fig.  660,  and  an  external  flame,  6,  enveloping  the  blue 
pencil,  having  a  more  indefinite  form  and  a  brownish  colon 
This  is  the  oxidizing  flame,  A  piece  of  metal — ^tin  for  ex- 
ample— placed  at  the  apex  of  the  outer  or  oxidizing  flame  is 
rapidly  oxidized,  while  the  same  piece  placed  at  the  point 

Fig,  660. 


The  Blowpip*  Flame. 


of  the  internal  or  reducing  flame  immediately  assumes  a 
globular  form  and  has  the  brilliant  surface  of  clean  melted 
metal. 

The  rationale  of  this  is  that  at  the  extremity  of  the  I 
oxidizing  flame  there  is  intensely  heated  oxygen  in  condi-  1 
tion  to  unite  with  anything  oxidable  ;  while  at  or  just  be- 
yond the  inner  or  reducing  cone  are  unburnt  gases  having 
a  high  temperature  and  a  strong  aflSnity  for  oxygen,  and 
consequently  any  oxide  placed  at  this  point  will  be  deprived 
of  its  oxygen  and  reduced  to  a  metallic  state. 

From  this  the  conclusion  will  be  readily  arrived  at  that 
the  proper  point  in  the  blowpipe  flame  to  cfl^ect  the  fusion 
of  solder  is  just  beyond  the  apex  of  the  reducing  flame. 


EXPERIMENTAL    SCIENCE. 

To  produce  a  uniform  continuous  jet  with  the  ordinary 
blowpipe  is  an  attainment  which,  to  some,  is  most  difficult* 
It  is  ver\'  easy  to  state  that  it  is  only  necessary  to  cause 
the  mouth  to  maintain  the  jet  at  the  instant  of  inspiration, 
but  it  is  quite  another  thing  to  do  it.  The  blowing,  in  light 
work,  should,  lor  the  most  part,  be  done  with  the  mouth 
alone.  It  must  be  made  to  act  the  part  of  a  pump  or  beU 
lows,  reci-iving  its  air  supply  from  the  lungs,  but  forcing 

Fig.  66 1. 


Blowpipe  Furnace 


its  contents  through  the  blowpipe,  principally  by  the  action 
of  the  tongue.  Let  the  tyro  close  his  lips  tightly,  and  with 
his  tongue  alone,  independenth^  of  his  lungs,  force  air  into 
his  mouth  until  his  cheeks  are  distended  to  their  fullest 
extent. 

This  done,  and  all  is  learned  ;  for  it  is  now  only  neces- 
sary ti>  place  the  blowpipe  in  the  mouth  and  continue  the 
action  ti{  the  tongue,  when  it  will  be  found  that  a  continu- 
ous  blast    may    be    inaintained    without  difficulty,  and  the 
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lungs  may  be  used  or  not  at  pleasure.  Let  it  not  be  under- 
stood from  the  foregoing  that  the  cheeks  are  to  be  puffed 
out  while  blowing.     This  is  not  advisable. 

Work  th^t  is  too  large  to  be  readily  soldered  by  the 
means  already  noticed  may  be  done  in  a  charcoal  or  coke 
fire  with  a  blast.  Even  a  common  fire  of  coal  or  wood  may 
often  be  made  to  answer  the  purpose. 

Brazing  or  hard-soldering  of  any  kind  must  not  be  tried 
in  a  fire,  or  with  coals,  or  tools  which  have  the  least  trace  of 
soft  solder  or  lead  about  them.  Neither  must  the  brazing 
of  work  which  has  been  previously  soft-soldered  be  at- 
tempted.    A  neglect  of  these  cautions  insures  failure. 

A  wash  of  clay  applied  to  surfaces  which  are  not  to  be 
joined  prevents  the  flow  of  solder. 

The  vitrified  flux  may  be  readily  removed  by  boiling  the 
articles  for  a  few  moments  in  dilute  sulphuric  acid.  This  is 
best  done  in  a  copper  vessel. 

GAS    FURNACE. 

The  smaU  gas  furnace  shown  in  Fig.  66i  may  be  used  in 
connection  with  the  blowpipe  and  bellows  already  described 
by  aiTanging  the  blowpipe  on  a  stand  and  placing  the  fur- 
nace upon  the  pumice  stone  brick  or  a  fire  brick.  The 
blowpipe  is  adjvisted  to  deliver  a  blast  to  the  opening  of  the 
furnace.  The  crucible  in  which  the  metal  is  melted  rests 
upon  an  elevation  at  the  center  of  the  furnace,  as  shown  in 
the  sectional  view  in  Fig.  66k  The  crucible  contains  besides 
the  metal  a  small  quantity  of  borax  for  a  flux.  A  brush  flame 
is  required,  and  the  blowpipe  must  be  carefully  adjusted  with 
reference  to  the  opening  of  the  furnace  to  secure  the  best 
results. 

With  this  furnace  and  blowpipe  two  ounces  of  metal  can 
be  melted  in  ten  minutes.  Its  capacity,  however,  is  greater 
than  that  After  the  metal  is  rendered  sufficiently  fluid,  it 
may  be  poured  into  an  oiled  ingot  mould,  shown  in  Fig.  662^ 
thus  giving  it  a  form  adapted  to  rolling  or  hammering,  or  it 
may  be  poured  into  a  sand  mould,  giving  it  any  desired 
form.  The  crucible  is  handled  by  means  of  the  tongs 
shown  in  Fig.  66j. 
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The  body  of  the  Fletcher  furnace  is  formed  of  clay  treated 
in  a  peculiar  way  to  render  it  very  light  and  porous.  It  is 
4)4  inches  in  external  diameter  and  4*4  inches  high.  Its  in- 
ternal diameter  at  the  top  is  2 J  inches,  at  the  bottom  2*4' 
inches.  The  hole  at  the  side  is  }  inch  in  diameter.  The 
^over,  which  is  li  inches  thick  and  of  the  same  diameter  as 

Fii;.  662. 
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Ingot  Mould. 

the  body,  is  concaved  on  its  ujider  surface  and  provided  with 
a  i  inch  central  aperture.  The  cover  and  the  body  are  en- 
circled by  sheet  iron. 

It  is  not  difficult  to  make  a  furnace  which  will  compare 
favorably  with  the  orii^inal  article.  Any  tin  or  sheet  iron 
can  of  the  right  size  may  be  used  as  a  casing  for  the  furnace, 
provided  it  be  seamed  or  riveted   together.     A  quart  wine 

Fig.  663, 


Cmcible  Tongs. 

bottle  having  a  raised  bottom  serves  as  a  pattern  for  the  in- 
terior of  the  furnace.  The  upper  portion  of  the  raised 
bottom  is  filled  in  with  plaster  of  Paris  or  cement  to  give  the 
crucible  support  a  level  top.  The  material  used  in  the  for- 
mation of  the  furnace  is  clay  of  the  quality  used  in  the  man- 
ufacture of  fire  bricks,  or  even  common  bricks,  moistened 
and  mixed  with  granulated  tire  brick.  The  material  known 
as  **  stove  fix/'  used  in  repairing  the  lining  of  stoves,  answers 
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A'ery  well  when  mixed   with  granulated  fire  brick  or  pumice 
stone. 

The  can  is  filled  to  the  depth  of  an  inch  with  the  material. 
The  chambered  bottom  of  the  wine  bottle  is  oiled  and  filled 
with  the  material  and  placed  in  the  can,  as  shown  in  Fig. 
664.  A  I  inch  wooden  plu^  is  inserted  in  a  hole  in  the  side 
of  the  can,  to  be  afterward  withdraw  n  to  form  the  blast  aper- 
ture.    The  can  is  then  filled  with  the  clav  mixture^  w*hich  is 
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Making  a  Blowpipe  Furnuce, 


tamped  in  lightly.  The  material  should  not  be  too  wet,  and 
it  is  well  to  oil  the  bottle  to  facilitate  its  removal.  When 
the  filling  operation  is  complete,  the  bottle  is  loosened  and 
withdrawn. 

The  cover  is  formed  by  filling  a  suitable  band  with 
the  clay  mixture.  The  furnace  is  allowed  to  dr\"  for  a  day 
or  so.  1  he  first  time  the  furnace  is  heated,  the  temperature 
should  be  increased  very  gradually. 
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MAKING    MOULDS    FOR,  AND   CASTING  AND    FINISHING 
ARTICLES  IN  THE  MORE  FUSIBLE  ALLOYS, 

By  the  following  simple  process,  with  few  tools  and  ma- 
terials, the  virtuoso  may  reproduce  his  rare  and  curious  arti. 
cles,  the  artist  may  fix  his  ideas  in  enduring  metals,  and  the 
amateur  machinist  may  make  smooth,  finished  castings  for 
various  parts  of  his  machinery-  It  is  not  supposed  that  this 
process  will  supplant  the  ordinary  means  of  producing-  cast- 

Fig.  665. 


Plaster  Mould. 


ings  for  the  trades;  but  it  will  be  found  useful  and  convem*- 
ent  for  amateur  and  artisan. 

A  medallion,  a  bass-relief,  or  an  article  of  less  artistic  de- 
sign may  be  chosen  for  a  pattern.  In  any  case  it  must  have 
the  necessary  qualifications  (or  moulding,  namely,  a  smooth 
water-proof  surface  ;  a  sufficient  draught  to  permit  it  to  be 
readily  removed  from  mould  ;  removable  pieces  for  imder- 
cut  places;  core  prints,  etc.  If  the  article  in  hand  is  one 
which  has  not  all  the  requisites  of  a  good  pattern,  a  remedy 
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may  be  found  in  filling  up  with  wax,  or  making  the  mould  in 
several  pieces* 

To  illustrate  the  method,  a  medallion  is  chosen.  If  there 
are  doubts  about  drawing  it  from  the  mould,  a  thin  ribbon 
of  wax  may  be  wrapped  around  its  edge.  The  pattern  now 
receives  a  coating  of  oil,  the  greater  portion  of  which  is  re- 
moved with  a  pledget  of  cotton.  It  is  placed  flatwise  on  a 
piece  of  glass  ur  smooth  board,  previously  oiled.  Two  parts 
of  plaster  of  Paris  and  one  part  of  powdered  pumice  stone 
are  mixed  with  water  to  a  creamy  consistency,  and  a  small 
quantity  of  this  is  poured  on  the  pattern,  and  washed  about 
with  a  camel's  hair  pencil  until  no  air  bubbles  are  seen,  then 
a  little  more  is  poured  on,  so  as  to  overlap  the  medal  about 
half  its  diameter.  When  the  plaster  begins  to  set,  common 
pins  are  inserted  with  the  points  nearly  or  quite  touching 
the  medal.  The  mould  is  then  built  up  with  the  ])laster 
until  it  is  sufficiently  strong* 

After  this  part  of  the  mould  becomes  hard,  it  must  be 
prepared — while  the  pattern  is  still  in  it — for  making  the 
counterpart.  This  is  done  by  first  making  two  slight 
grooves,  which  are  to  locate  the  channel  through  which  the 
metal  is  to  be  poured,  and  notching  the  sides  in  two  or  more 
places. 

The  part  of  the  mould  which  will  come  in  contact  with 
the  counterpart  is  brushed  over  with  powdered  soapstone,to 
render  it  separable.  The  pattern  is  oiled  and  the  surplus  re- 
moved as  before.  The  plaster  is  prepared  and  poured  care- 
fully over  the  pattern  and  upper  surface  of  the  mould  ;  care 
being  taken  to  get  it  well  into  the  notches,  which  form  the 
guides  for  the  counterpart.  When  the  plaster  begins  to  set 
the  pins  may  be  inserted,  and  this  part  of  the  mould  may  be 
thickened  up  until  it  is  stout  enough  to  bear  handling.  When 
the  plaster  becomes  hard  the  pins  are  removed,  leaving  vents 
which  facilitate  drying  the  mould  and  furnish  a  means  for  the 
escape  of  steam. 

The  mould  may  now  be  separated,  the  pattern  removed, 
and  the  channel  through  which  the  metal  is  to  be  poured 
may  be  cut  in  each  part  of  the  mould,  it  being  already  laid 
out.    Six  or  eight  slight  grooves  for  vents  are  to  be  cut 
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radially  from  the  impression  left  by  the  pattern  to  the  out- 
side of  the  mould.  The  mould  must  be  dried  thoroughly  in 
an  oven  or  upon  the  stov^e.  It  is  advantageous  in  some 
cases  to  brush  the  face  of  the  mould  over  with  soapstone 
powder,  care  being-  taken  not  to  fill  the  finer  lines. 

A  fine  annealed  wire  is  wound  about  the  mould  to  hold  it 
together.  It  is  then  set  up  in  a  dish  of  sand^  which  holds  it 
upright  and  obviates  any  accident  which  might  occur  from 
overfilling  the  mould, 

A  bass-relief  may  be  readily  copied  by  taking  an  impres- 
sion in  precisely  the  same  manner  as  in  the  case  of  the  first 

Fir,,  666, 


Wax   Patlem, 


part  of  the  medallion  mould*  If  the  article  to  be  copied  is  of 
such  a  nature  that  it  is  inadmissible  to  copy  it  in  this  manner, 
an  impression  in  w^ax  or  gutta-percha  must  be  taken  and  a 
duplicate  of  the  article  made  in  plaster  of  Paris.  After 
getting  the  impression  from  the  bass-relief,  provision  for  the 
thickness  of  the  metal  which  is  to  make  the  copy  is  made  in 
the  following  manner: 

Paraffinc  and  beeswax,  in  the  proportion  of  one  of  the 
former  to  three  of  the  latter,  are  melted  together  and  cast 
into  a  thin  plate,  in  a  platter  which  has  been  moistened  to 
render  the  wax  easily  removable.  A  board  having  a  level 
surface  is  prepared,  and  two  strips  of  wood,  having  the  thick- 
ness of  the  metal  in  the  casting  to  be  made,  are  placed  near 
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opposite  edges  of  the  board,  as  in  the  illustration  (Fig.  666), 
A  roller  having  an  equal  diameter  throughout,  and  a  length 
which  is  a  little  greater  than  the  width  of  the  board,  is  pro- 
vided. 

The  mixture  of  paraffine  and  wax  (which  will  be  called 
tifax)  is  warmed  slightly  (most  conveniently  in  warm  watery 
and  placed  upon  the  board,  which  must  be  wet,  and  the 
roller,  also  wet,  is  rolled  over  it  until  it  touches  the  strips  of 
wood,  the  wax  in  ct>nsequence  having  been  reduced  to  the 
thickness  of  these  strips.  And  now  while  the  wax  is  still 
slightly  warm— not  warm  enough,  however,  to  make  it  ad- 
hesive— it  is  carefully  worked  with  the  fingers  into  every 
part  of  the  impression  of  the  relief,  so  that  it  may  have  the 
form  of  the  back  of  the  desired  casting.  Should  the  wax 
stretch  so  much  as  to  become  too  thin  in  some  of  the  deeper 
places  in  the  mould,  it  should  be  backed  up  with  an  addi- 
tional sheet  at  that  point.  No  attempt  should  be  made  to 
force  the  wax  into  the  minute  depressions,  as  some  of  the 
fine  features  of  the  mould  might  be  injured.  The  wax  may 
be  trimmed  with  a  warmed  knife,  giving  the  edge  of  the 
work  the  required  form.  The  mould  from  this  point  out  is 
proceeded  with  in  the  same  manner  as  in  the  case  of  the 
medallion.  In  the  lower  part  of  Fig.  666  is  shown  a  longi- 
tudinal section  of  a  mould,  showing  the  position  of  the 
wax. 

The  following  alloys  arc  recommended  as  suitable  for 
casting  in  the  moulds  above  described,  and  usually  a  num- 
ber of  perfect  casts  may  be  taken  from  a  single  mould  : 

An  alloy  consisting  of  zinc  4  parts,  tin  3  parts,  and  bis- 
muth I  part  is  of  a  light  silvery  color,  with  a  brilliant  crys- 
talline surface. 

Zinc  7  parts,  antimony  4  parts,  bismuth  i  part,  makes  a 
fine  light  gray  metal. 

Antimony  i  part,  tin  4  parts,  makes  a  beautiful  white 
alloy  having  the  appearance  of  silver.  One  or  two  addi- 
tional parts  of  tin  renders  the  metal  more  malleable. 

These  alloys  all  run  shaqj  and  make  fine  castings.  They 
may  be  readily  melted  in  a  ladle  i.i  a  common  fire,  or  in 
small  quantities  over  a  Bunsen  burner. 
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As  to  finish,  the  castings  may  be  left  as  taken  from  the 
mould,  or  they  may  be  lacquered  with  any  of  the  variously 
colored  lacquers^  Or  a  bronze  finish  having-  the  tmc  patina 
antiqua  may  be  given  them  in  the  following  manner :  Take  a 
small  rol!  of  cotton  cloth,  \  inch  diameter,  |  inch  in  length, 
and  wind  a  copper  w^ire  about  it  with  several  turns,  finally 
twisting  it  into  a  handle.  Dip  this  into  commercial  nitric 
acid  and  brush  over  the  casting  with  the  projecting  end  of 
the  cotton  roll. 

It  will  be  found  that  the  acid  dissolves  the  copper  suffi- 
ciently to  deposit  a  film  on  the  surface  of  the  casting.  The 
prominent  portions  of  the  casting  will  be  coated  with  metal- 
lic copper,  while  the  depressions  which  are  not  rubbed  with 
the  roll  will  be  coated  with  a  bluish-green  salt.  Immediately 
after  the  casting  is  coated,  it  should  be  washed  in  clean 
water  and  wiped  off  with  a  sponge,  care  being  taken  to  not 
disturb  the  green  deposit  in  the  depressions  of  the  casting. 
This  treatment  produces  this  effect  only  on  the  last  men- 
tioned alloy.  If  applied  to  the  second  one,  it  produces  a 
fine  dark  appearance  similar  to  oxidized  silver.  A  further 
improvement  may  be  made  in  the  castings  by  warming 
them  and  brushing  them  over  with  a  very  slight  coating 
of  wax. 

To  preserve  the  surface  of  the  crystalline  alloy,  it  should 
be  coated  with  a  very  thin  film  of  collodion. 

MOULDING  AND   CASTING   IN   SAND. 

To  be  able  to  mould  small  articles  in  sand  and  cast  them 
in  the  different  metals  is  often  a  great  convenience.  A  little 
practice  will  enable  one  to  do  a  fair  job  of  plain  work.  One 
or  more  flasks  made  in  halves  and  connected  by  dowels  will 
be  required,  also  some  fine  moulding  sand,  which  ma}'  be 
obtained  from  any  brass  or  iron  foundry.  The  sand  should 
be  new.  Old  moulding  sand  has  a  disagreeable  odor.  When 
the  moulding  sand  is  procured,  it  would  be  well  to  secure 
a  small  quantity  of  parting  sand  (sand  removed  from  hot 
castings)  and  some  plumbago  facing. 

The  sand  should  be  moistened  sufficiently  to  cause  it  to 
cohere,  but  it  must  not  be  too  wet.   An  extemporized  mould- 
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ing  bench  consisting  of  a  shallow  partly  covered  box  for  con- 
taining the  sand  is  desirable.  A  follow  board  is  placed  upon 
the  bench,  and  the  pattern  is  laid  upon  it.  The  lower  part 
of  the  flask — which  is  known  as  the  nowel — is  placed  upon 
the  board*  Sand  is  now  sifted  upon  the  pattern  through 
a  wirecloth  sieve,  No.  20  mesh*  A  depth  of  only  i  inch  of 
sifted  sand  is  required.  The  nowel  may  now  be  filled  with 
sand  from  the  box,  which  is  rammed  with  a  small  rammer. 


Fio.  667. 


somewhat  resembling  a  potato  masher.  The  wedge-shaped 
end  of  the  rammer  is  used  for  compressing  the  sand  at  the 
sides  and  ends  of  the  fiask,  while  the  cylindrical  end  is 
used  in  the  central  position.  When  the  nowel  is  full  of  sand 
it  is  leveled  by  means  of  the  scraper,  then  a  little  loose  sand 
is  sprinkled  on,  and  the  other  follow  board  is  placed  on  the 
noweL  When  the  latter  is  inverted  and  the  first  fiillow  board 
is  removed,  the  sand  is  removed  from  around  the  pattern  at 
the  parting  line,  or,  if  the  pattern  is  made  in  two  parts,  the 
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second  half  is  placed  on  the  first  half»  and  parting  sand  is 
sprinkled  over  the  face  of  the  lower  half  of  the  mould.  Sur- 
plus parting  sand  is  blown  away  by  a  blast  from  the  moutlil 
or  from  a  hand  bellows*  The  upper  part  of  the  flask — called 
the  cope — is  placed  in  position  on  the  lower  half,  and  a  gate 
pin  is  inserted  in  the  sand  at  a  point  near  the  pattern.  The 
cope  is  now  filled  with  moulding  sand,  as  in  the  case  of  the 
nowel.  The  gate  pin  is  rapped  on  different  sides  and  re- 
moved. The  f  1*1  low  board  is  placed  on  the  cope  when  the 
latter  is  lifted  from  the  nowel,  and  laid 
bottom  side  up  on  the  moulding  bench. 
The  pattern  screw,  a  (Fig.  668),  is  in- 
serted in  the  pattern  and  gently  rapped 
in  two  directions  at  right  angles  to  each 
other,  after  which  the  pattern  is  care- 
fully lifted  from  the  mould.  A  gate  is 
cut  from  the  mould  to  the  point  of  the 
gate  pin  in  the  nowel  by  means  of  a 
piece  of  thin  sheet  metal  bent  into 
U-shape. 

If  an  extra  smooth  casting  is  re- 
quired, the  mould  should  be  dusted 
over  with  the  plumbago  facing.  This 
is  accomplished  by  shaking  over  the 
mould  a  muslin  bag  containing  the 
plumbago.  The  pattern  is  replaced  to 
smooth  the  surface  and  then  removed  ; 
the  mould  is  closed  and  clamped.  If 
the  object  is  of  some  size,  the  mould 
should  be  vented.  This  is  done  by  piercing  the  sand 
from  the  outside  of  the  mould  to  the  pattern  by  means- 
of  the  vent  wire  shown  at  /^  Fig.  668. 

If  during  the  process  of  moulding  any  particles  of  sand 
should  fall  into  tlie  mould,  they  may  be  taken  out  by  the 
right-angled  end  of  the  lifter,  c  (Fig.  668).  The  opposite 
end  of  the  tool  is  formed  into  a  thin  blade  known  as  a 
slick,  and  used  for  building  up  broken  parts  of  the  mould 
and  for  smoothing  plane  surfaces. 

Zinc  or  type  metal  may  be  melted  in  an  iron  ladle  in  a 


a,  Pattern  Screw, 

^.Vent  Wire,   f.  Lifter 

and  SUck, 
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common  fire.  Brass  or  bronze  may  be  melted  in  a  sand 
crucible  in  a  coal  fire  having  a  good  draught.  In  small  quan- 
tities it  may  be  melted  in  the  gas  furnance  described  else- 
where  in  this  chapter*  A  little  borax  should  be  placed  in 
the  crucible  as  a  flux. 

MAKING  CARBON  RODS  AND  PLATES, 

Carbon  rods  and  plates  of  the  finest  quality  can  be  made- 
economically  only  by  the  use  of  expensive  machinery  and 


Moulding  Carbon  Plates. 

apparatus,  such  as  pulverizing  mills,  hydraulic  presses,  and 
retorts  or  ovens  ;  but  tlie  amateur,  without  a  great  deal  of 
trouble,  and  with  very  little  expense,  can  make  carbon  plates 
and  rods  which  will  answer  a  good  purpose.  The  mate- 
rials required  are  coke,  wheat  flour,  molasses  or  sirup,  and 
water.  The  tools  consist  of  a  few  moulds,  a  trowel  or  its 
equivalent  (or  forcing  the  carbon  mixture  into  flat  moulds, 
tubes  to  be  used  as  moulds  for  carbon  rods,  and  ramrods  for 
condensing  the  material  in  the  tubes  and  forcing  it  out,  and 
an  iron  mortar  or  some  other  device  fur  reducing  the  coke 
to  powder. 
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Fig.  670. 
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Clean  pieces  of  coke  should  be  selected  for  this  purpose, 
and  such  as  contain  no  volatile  matters  are  preferred.  The 
coke  is  pulverized  and  passed  through  a  fine  sieve.  It  is 
then  thoroughly  mixed  with  from 
one-sixth  to  one-eighth  its  bulk 
of  wheat  flour,  both  being  in  a 
dry  state.  The  mixture  is  moist- 
ened with  water  (or  water  with 
a  small  percentage  of  molasses 
added)  sufficiently  to  render  it 
thoroughly  damp  throughout,  but 
not  wet.  It  should  now  be  al- 
lowed to  stand  for  two  or  three 
hours  in  a  closed  vessel  to  prevent 
the  evaporation  of  the  water.  At 
the  end  of  this  time  the  mixture 
may  be  pressed  into  moulds  of 
any  desired  form,  then  removed 
from  the  moulds  and  dried, 
slowly  at  first,  afterward  rapidly, 
in  an  ordinary  oven  at  a  high 
temperature.  When  the  plates  or  rods  thus  formed  are 
thoroughly  dried,  they  are  packed  in  an  iron  box,  or»  i£ 
they  are  small,  in  a  crucible,  and  completely  surrounded  by 
coke  dust  to  exclude  air  and  to  prevent  the  combustion  of 

Fig,  67L 
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Discharging  the  Mould. 

the  plates  or  rods  during  the  carbonizing  process*  The  box 
or  crucible  must  be  closed  by  a  non-combustible  cover  and 
placed  in  a  furnace  or  range  fire  in  such  a  way  as  to  cause  it 
to  l)e   heated  gradually  to   a   red  heat.     After  the  box  be- 
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comes  heated  to  the  required  degree,  it  is  maintained  at  that 
temperature  for  an  hour  or  so,  after  which  it  is  removed 
from  the  fire  and  allowed  to  cool  before  hcmg  opened.  The 
rods  or  plates  are  then  boiled  for  a  half-hour  in  thin  simp 
or  in  molasses  diluted  with  a  tittle  water.  They  are  again 
baked  in  an  ordinary  oven  and  afterward  carbonized  in  the 
manner  already  described.  This  latter  process  of  boiling  in 
sirup  and  recarbonizing  is  repeated  until  the  required  den- 
sity is  secured. 

As  some  gases  are  given  off  during  carbonization^  it  is 
necessary  to  leave  the  box  or  crucible  unsealed  to  allow 
these  gases  to  escape. 

Fig.  669  shows  an  inexpensive  form  of  mould  for  flat 
carbon  plates.     It   consists   of   two  right-angled  pieces  of 


Fig.  679. 


Carbonizing  Box. 


wood  \f(  the  thickness  of  the 
carbon  plate  to  be  made,  and 
a  thick  plate  of  sheet  iron. 
The  iron  should  be  oiled  or 
smeared  with  grease  before 
the  mould  is  filled.  The  car- 
bon and  flour  mixture  is  press- 
ed into  the  mould  smoothly, 
the  wooden  pieces  are  re- 
moved, and  the  carbon  is  left 
When  dry  it  is  easily  separated 
be   handled    without  danger  of 


on  the  iron  plate  to  dry. 
from   the   plate  and   may 
breaking. 

Cylindrical  carbon  rods  may  be  formed  in  a  wooden 
mould,  as  shown  in  the  background  of  Fig,  669,  and  dried  in 
a  grooved  iron  plate  adapted  to  receive  them,  or  a  brass 
tube  may  be  used  as  a  mould,  as  shown  in  Figs.  670  and 
671-  To  facilitate  the  filling  of  the  tube,  a  funnel  may  be 
formed  on  or  attached  to  one  end.  The  tube  may  be  filled 
with  carbon  entirely  from  the  top,  or  it  may  be  partly  filled 
by  forcing  its  lower  end  several  times  down  into  the  carbon 
mixture,  finishing  the  Tilling  at  the  top.  The  lower  end  of 
the  tube  is  placed  on  an  iron  plate,  and  the  contents  are 
rammed  from  time  to  time  during  the  filling  operation. 
When  the  tube  is  filled,  it  is  discharged  in  the  manner  illus- 
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trated  by  Fig.  671,  /.  i\y  by  pulling  it  over  a  fixed  rod  while 

its  discharge  end  delivers  the  carbon  cylinders  to  the  iron 
plate  on  which  they  are  to  be  dried  and  baked  preparatory 
to  carbonization.  The  plate  in  this  case  should  be  oiled  to 
prevent  the  adhesion  of  the  rods.  The  rod  by  which  the 
contents  of  the  tube  are  ejected  should  be  on  a  level  with  the 
top  of  the  iron  plate.  Fig.  672  shows  in  section  an  iron  box 
•containing  plates  and  rods  packed  ready  for  carbonization. 

USEFUL  RECIPKS. 
Ctmaifs. 

A  cement  for  leather  and  soft  rubber. ~Q\\l  gutta-percha 
shreds  in  bisulphide  of  carbon.  It  should  be  applied  to  the 
two  parts  to  be  united,  and  before  it  dries  the  parts  should 
be  pressed  together.  Care  should  be  taken  to  avo:d  a{>- 
proachingthe  fire  or  light  with  this  cement,  as  the  vapor  of 
the  bisulphide  of  carbon  is  very  inflammable. 

Cement  for  rubber  ciotk  and  leather, — Dissolve  pure  gum 
rubber  in  turpentine.  Apply  as  a  varnish,  and  when  tacky 
press  the  parts  together.  The  addition  of  a  small  amount  of 
gutta-percha  renders  the  cement  firmer. 

Cement  for  attaching  wood  to  glass  or  securing  flexible  rubber 
to  iron  or  wood, — Melt  together  equal  parts  of  yellow  pitch 
and  gutta-percha ;  apply  w  arm.  The  parts  to  which  it  is 
apphed  should  also  be  warm. 

The  addition  to  the  above  of  shellac  in  the  proportion  of 
about  I  of  shellac  to  2  of  the  above  cement  will  increase  its 
hardness. 

Cement  for  giass^  leather,  and  wood, — Soak  gelatine  in  cold 
water  overnight.  Pour  off  the  water  and  add  20  per  cent, 
-of  acetic  acid,  melt  carefully  over  a  water  bath.  Apply  with 
^  brush* 

Mucilage  for  labels. — Dextrine  dissolved  in  hot  water  with 
a  small  percentage  of  molasses  added,  forms  an  excellent 
mucilage. 

Mucilage  for  attaching  labels  to  glass,  metals,  or  wood. — A 
paste  formed  of  gum  tragacanth  and  water. 
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Insoluble  glue  for  wood  and  leather. — Prepare  a  good  quality 
of  white  glue  in  the  usual  way.  Add  to  the  glue  when  pre- 
pared 5  per  cent,  of  bichromate  of  potash,  finely  powdered ; 
stir  it  until  the  bichromate  of  potash  is  thoroughly  dissolved. 
Articles  cemented  with  this  glue  should  be  exposed  to  the 
.  light  for  a  few  hours  to  render  the  glue  insoluble.  The  addi- 
tion to  the  above  of  a  little  glycerine  or  molasses  will  render 
it  flexible. 

Cemeftt  for  leather, — 16  parts  of  gutta-percha,  4  of  gum 
rubber,  2  of  yellow  pitch,  i  of  shellac,  melted  together  with 
2  parts  of  linseed  oil. 

Cement  impervious  to  bisulphide  of  carbon. — Best  quality  of 
white  glue  with  10  per  cent,  of  molasses  added. 

Cement  for  insulating  tapes. — Pure  gum  rubber  dissolved 
in  turpentine,  with  the  addition  of  5  per  cent,  of  raw  linseed 
oil. 

Afiother  for  tapes. — Yellow  pitch,  8  parts  ;  beeswax,  2 
parts ;  tallow,  i  part. 

Muirhead^ s  cement. —  3  pounds  Portland  cement,  3  pounds 
of  sharp  sand,  4  pounds  of  blacksmith's  ashes,  4  pounds  of 
resin.     Melt  the  resin  and  stir  the  other  ingredients  in. 

Black  cement. — i  pound  blacksmith's  ashes,  i  pound 
sharp  sand,  2  pounds  of  resin.  Combine  as  in  the  last 
recipe. 

Acid-proof  cement. — Melt  i  part  of  pure  rubber  in  2  parts 
of  linseed  oil,  add  6  parts  of  pipe  clay.  This  mixture  pro- 
duces a  plastic  cement  which  softens  by  heat,  but  does  not 
melt. 

Cement  for  gutta-percha. — Stockholm  tar,  i  part ;  resin,  i 
part ;  gutta-percha,  3  parts. 

Insulating  cement. — Shellac,  5  parts  ;  resin,  2  parts;  Venice 
turpentine,  i  part ;  yellow  ocher,  3  parts. 

Common  sealing  wax  and  jeweler's  cement  are  very 
convenient  for  many  uses.  The  cement  sold  for  attach- 
ing bicycle  tires  to  the  wheels  is  useful  for  making  tanks, 
cementing  rubber,  etc. 
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A  varnish  formed  by  dissolving  orange  snellac  in  95  per 

cent,  alcohol  is  indispensable  in  the  laboratory*  It  is  use- 
ful for  all  kinds  of  electrical  work  and  for  finishing  wood 
and  metal  work.  It  may  be  readily  colored  by  the  addition 
of  pigments,  such  as  vermilion  for  red,  Hiberaia  green  fur 
green,  Prussian  blue  or  ultramarine  blue  together  with  flake 
white  for  blue,  and  calcined  lampblack  for  black.  For 
brown,  the  red  and  black  may  be  mixed.  For  purple,  the 
red  and  blue  may  be  mixed.  For  yellow,  finely  powdered 
yellow  ocher  or  chrome  yellow  may  be  added.  For  a  dead 
black  varnish,  for  optical  and  other  uses,  alcohol,  with  a 
small  percentage  of  shellac  varnish  added,  mixed  with  caL 
cined  lampblack,  answers  an  excellent  purpose. 

A  lacquer  for  Brass  work  is  made  as  follows, — 8  ounces  of 
stick  lac  is  dissolved  in  a  half  gallon  of  alcohol  and  the  solu- 
tit)n  is  filtered.  This  forms  a  pale  lacquer  which  dries  hard 
and  preserves  the  natural  color  of  brass  work. 

Another  lacquer  for  ^r^^^.^Dissolve  8  ounces  of  stick  lac» 
2  ounces  of  gum  sandarac,  2  ounces  annatto,  and  \  ounce  of 
dragon*s  blood  in  3  quarts  of  alcohol.  It  should  be  filtered 
before  using.  This  forms  a  rich  gold-colored  lacquen  The 
articles  to  which  these  lacquers  are  applied  must  be  warmed 
slightly  before  the  application  and  must  be  kept  hot  after 
the  application  until  the  alcohol  evaporates. 

Black  varnish  for  metal  work  and  polarizing  mirrors, — Dis- 
solve pure  asphaltura  in  turpentine,  add  a  few  drops  of 
boiled  oil  to  every  pint  of  the  varnish.  The  black  japan 
varnish  sold  as  one  of  the  bicyclists'  supplies  for  retouching 
the  japanned  surfacesof  bicycles  is  an  excellent  black  varnish. 
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APPENDIX. 


THE   SCIENTIFIC   USE   OF    COMMON   THINGS. 

Scientific  facts  and  principles  may  often  be  illustrated  by 
means  of  common  things,  such  as  may  be  met  with  in  every- 
day life.  Pins,  needles,  sticks,  straws,  bullets,  bottles,  hair 
pins,  rubber  bands,  marbles,  are  among  the  things  available 
for  experimental  purposes.  Even  a  hand  saw  may  be  pressed 
into  the  service  of  scientific  illustration. 

The  first  figure  of  the  engraving  illustrates  a  piece  of 
apparatus  which  is  doubtless  better  known  to  the  school 
boy  than  the  professor.  The  writer's  attention  was  first 
called  to  this  instrument  by  a  professor  of  physics,  who  con- 
fiscated it  from  a  student  and  used  it  in  a  lecture  as  an  illus- 
tration. It  consists  of  a  board  into  which  are  driven  eight 
common  pins,  which  are  allowed  to  project  different  lengths, 
thus  forming  a  musical  instrument  which  may  be  played  by 
plucking  the  heads  of  the  pins.  The  instrument  is  tuned  by 
driving  the  pins  into  the  board  more  or  less.  In  this  expe- 
riment it  is  shown  that  there  exists  a  certain  relation  be- 
tween the  length  of  the  vibrating  pin  and  the  pitch  of  the 
sound  it  produces.  In  Fig.  2  is  shown  a  xylophone,  a  musi- 
cal instrument  formed  of  bars  of  wood  of  different  lengths 
and  thicknesses.  The  particular  instrument  here  illustrated 
was  made  of  a  piece  of  a  pine  box  cover  split  up  in  a  hap- 
hazard way  and  tuned  by  shortening  to  increase  the  pitch 
and  reducing  in  thickness  or  notching  at  the  center  to  lower 
its  pitch.  The  bars  are  supported  by  a  loosely  twisted 
cord.  The  sound  is  produced  by  striking  the  bars  at  their 
mid-length  with  small  mallets. 

In  Fig.  3  is  shown  a  modification  of  Savart's  wheel, 
which  is  in  reality  no  wheel  at  all,  but  the  effects  secured 
are  substantially  the  same.  By  drawing  the  edge  of  a  card 
slowly  along  the  cutting  edge  of  a  fine  saw,  regular  taps  are 
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will  vary,  of  course,   with  the  rapidity  of  the  movement  of 
the  card. 

In  Fig.  4  is  illustrated  an  experiment  with  a  paper  tube,  \ 
illustrating  the  closed  and  open  organ  pipe.  When  the  end 
of  the  tube  is  struck  smartly  with  the  palm  of  the  hand,  if 
the  hand  is  allowed  to  remain  in  contact  with  the  end  of  the 
tube,  the  air  in  the  tube  will  be  set  in  vibration,  and  a  tone 
will  be  produced  which  is  due  to  a  closed  pipe  of  that 
length,  If»  however,  the  hand  is  instantly  removed  from 
the  tube  after  the  blow,  two  notes  will  be  heard,  one  due  to 
the  closed  pipe,  the  other  to  the  open  pipe,  and  the  latter 
will  be  an  octave  higher  than  the  first. 

In  Fig,  5  is  an  experiment  with  a  vial,  which  is  made  to 
answer  as  a  closed  pipe,  the  length  of  which  is  varied  by 
pouring  in  water.  By  blowing  across  the  mouth  of  the  vial, 
a  sound  will  be  produced  which  varies  in  pitch  with  the 
length  of  the  air  space  above  the  water.  By  closing  the 
mouth  of  the  vial  more  or  less  by  the  under  lip,  it  is  found 
that  this  also  changes  the  pitch  ;  the  smaller  the  opening  of 
the  mouth  of  the  vial,  the  lower  the  pitch. 

In  Fig.  6  is  shown  a  toy  which  is  interesting  on  account 
of  the  great  variety  of  intricate  figures  it  can  produce.  It 
consists  of  a  disk  of  black  cardboard,  having  two  holes  near 
and  on  opposite  sides  of  the  center,  an  elastic  cord  inserted 
in  these  holes,  and  four  paper  fasteners  or*  bright  brass  nails 
inserted  in  the  disk  at  four  points  equally  distant  from  the 
center  of  the  disk  and  from  each  other.  This  toy  is  used  in 
the  same  manner  as  the  well-known  buzz,  by  twisting  the 
cord  and  drawing  upon  it,  and  while  the  disk  revolves,  first 
in  one  direction  and  then  in  the  other,  the  cord  is  made  to 
vibrate  laterally.  Some  of  the  figures  which  may  be  pro- 
duced in  this  way  are  shown  in  the  engraving.  These 
effects  are  due  to  persistence  of  vision. 

In  Figs.  7  and  8  is  shown  a  simple  device  for  illustrating 
centrifugal  force.  Two  bullets  split  to  the  center  are 
closed  together  upon  the  ends  of  an  ordinary  hairpin,  and 
the  latter  is  suspended  by  a  small  rubber  band.  The  band 
is  twisted  and  then  aliow^ed  to  untwist,  thus  imparting  a 
rapid  rotary  motion  to  the  hairpin,  which  causes  the  bullets 
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to  fly  out  by  centrifugal  force  as  shown  in  Fig,  8.  The 
momentum  acquired  by  the  bullets  during  the  untwisting  of 
the  rubber  band  twists  the  band  in  the  opposite  direction,  so 
that,  when  it  untwists  again^  the  apparatus  will  rotate  in  the 
opposite  direction.  This  operation  will  continue  for  a  con- 
siderable  time. 

In  the  apparatus  showm  in  Fig.  9  hairpins  are  again 
pressed  into  service.  One  is  opened  out  at  a  right  angle, 
forming  a  standard  ;  another  is  bent  up  at  the  ends,  forming 
a  double  hook.  The  standard  is  inserted  in  a  baseboard 
provided  with  a  graduated  circle.  The  double  hook  is  sus- 
pended from  the  standard  by  a  short  piece  of  twisted  catgut 
cord,  and  in  the  double  hook  is  placed  a  small  knitting  needle 
to  serve  as  an  index.  This  forms  a  hygroscope,  which  is 
quite  sensitive  to  atmospheric  moisture.  By  substituting  a 
filament  of  silk  or  a  fine  hair  for  the  catgut  cord,  the  double 
hook  may  be  used  for  supporting  a  straw  to  show  electrical 
attraction  and  repulsion,  a  stick  of  sealing  wax  or  a  glass 
rod  being  used  to  produce  the  electricity* 

The  apparatus  illustrated  by  Fig,  10  shows  the  elasticity 
of  solids.  Two  pieces  of  **  matched  stuff  "  are  mitered  to_ 
gether,  as  shown,  to  form  an  inclined  plane  and  a  guide  for 
marbles  or  lead  bullets,  A  number  of  marbles  are  placed  in 
the  groove  in  tlie  horizontal  gtnde  and  another  marble  is 
allowed  to  roll  dcjwn  the  inclined  plane.  The  blow  thus 
imparted  to  the  last  marble  of  the  series  is  transmitted 
through  the  entire  series  to  the  first,  which  is  thrown  for- 
ward. This  actionals  due  to  the  compression  of  the  marbles 
by  the  blow  and  their  restitution  by  their  ow^n  elasticity  to 
their  original  form.  When  lead  bullets  are  substituted  for 
the  marbles,  the  force  of  the  blow  is  expended  in  perma* 
nently  changing  their  form, 

NOVEL   TOYS. 


The  elasticity  of  torsion  and  tension,  the  storage  of 
energy,  centrifugal  force,  momentum  and  friction,  are  all 
concerned  in  the  movement  of  the  simple  toy  illustrated 
in  Fig.  II,  and  yet,  perhaps,  not  one  in  a  thousand  of  the 
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people  who  see  the  toy  realizes  the  composite  nature  of 
its  action.  Barring  the  well  known  return  ball,  nothing 
can  be  simpler  than  this  toy,  which  consists  of  two  wooden 
balls  of  the  same  diameter  connected  by  a  slender  elastic 
rubber  band  attached  by  staples,  as  shown  in  the  lower  figure* 
To  prepare  the  toy  for  operation,  it  is  only  necessary 
to  twist  the  rubber  band  by  holding  one  of  the  balls  in 
the  hand  and  rolling  the  other  round  in  a  circular  path  up- 
on the  floor  by  giving  to  the  hand  a  gyratory  motion.     As 

Fig.  II. 
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Gyrating  Balls. 

soon  as  the  band  is  twisted,  the   free  ball  is  grasped  in  the 
hand,  then  both  are  released  at  once. 

The  untwisting  of  the  rubber  band  causes  the  balls  to 
roll  in  opposite  directions  in  a  circular  path,  and  centrifugal 
force  causes  the  balls  to  fly  outwardly  By  virtue  of  the 
acquired  momentum,  the  balls  continue  to  rotate  after  the 
rubber  band  is  untwisted,  so  that  the  band  is  again  twisted, 
but  in  the  opposite  direction.  As  soon  as  the  resistance  of 
the  band  overcomes  the  momentum  of  the  balls,  the  rotation 
ceases  for  an  instant,  when  the  band  again  untwisting  re- 
volves the  balls  in  the  opposite  direction,  and  the  operation 
is  repeated  until  the  stored  energy  is  exhausted. 
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In  Fig.  12  is  illustrated  another  ball  in  which  the  center 
of  gravity  is  locate  d  near  the  periphery.  The  ball,  which  is 
hollow^  is  made  of  paper.  To  the  inner  surface  of  the  wall 
of  the  ball  is  attached  a  weight  which  is  secured  in  place  by 
a  piece  of  cloth  glued  over  it.  When  this  ball  is  thrown 
through  the  air  with  a  whirling  motion,  it  describes  a  curve 
like  that  indicated  in  dotted  line^  in  the  upper  part  of  the 
engraving,  so  that  it  is  difficult,  if  not  impossible,  to  catch 
it.  W^hen  the  ball  is  rolled  on  a  plane  surface,  it  does  not 
take  ci  straightforward  course^  as  w^ould  be  expected  from  a 

Fig.  12. 
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Unbalanced  Ball, 


well-balanced  ball,  but  its  course    is  very  erratic,  as  indi- 
cated in  dotted  lines  in  the  lower  part  of  the  figure. 


A  NOVEL  TOP. 

/  Although  the  top  has  been  modified  in  many  different  ways 

as  to  form,  material  and  methods  of  spinning,  the  one  shown 
in  the  engraving  appears  to  have  novel  features  which  dis- 
tinguish it  from  any  of  its  predecessors. 

It  consists  of  a  cardboard  disk,  having  a  series  of  oblique 
slots  symmetrically  arranged ;  the  cardboard  being  cut  en- 
tirely through  no  one  of  the  longer  and  two  of  the  shorter 
sides  of  the  parallelogram,  the  cardbciard  thus  detached  being 
turned  up  at  right  angles  to  the  plane  of  the  card,  to  form 
libliquc  wings  or  vanes.  In  the  center  of  the  disk  a  large 
cninnion  pin  is  secured  by  means  of  sealing  wax,  the  head  of 
the  pin  being  allowed  to  project  about  a  quarter  of  an  inch 
It  J  furin  the  pivot  of  the  top. 
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A  common  spool  is  used  as  a  mouthpiece  for  setting  the 
top  whirling.  The  spool  is  held  to  the  mouth,  the  pointed 
end  of  the  pin  is  inserted  loosely  in  the  bore  of  the  spool  and 
the  disk  is  held  up  by  very  light  pressure  of  the  finger  on  the 
pivot.     As  soon  as  the  disk  is  blov%'n  upon,  the  finger  may  be 
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Fig.  16. 


An  Air- Propel  led  Top. 


removed  from  the  pivot,  when  the  disk  will  be  revolved  rap- 
idly by  the  impingement  of  the  blast  of  air  on  the  vanes,  at 
the  same  time  the  lateral  streams  of  air  issuing  between  the 
spool  and  the  disk  create  a  partial  vacuum  between  the  disk 
and  spool,  and  atmospheric  pressure  exerted  on  the  under 
side  of  the  disk  sustains  it,  so  that  the  top  really  revolves  in 
air  and  with  very  little  friction. 
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As  soon  as  the  blowing  ceases  the  top  drops,  but  it  con- 
tinues to  revolve  on  its  pivot.  It  is  perhaps  needless  to  say 
that,  to  secure  good  results,  the  surface  on  which  the  top 
spins  after  it  drops  should  be  a  piece  of  glass,  a  glazed  plate 
or  some  other  hard,  smooth  surface,  suited  to  this  purpose. 

Fig,  13  shows  the  method  of  spinning.  Fig.  14  the  top 
after  it  is  dropped.  Fig.  15  is  a  plan  view,  and  Fig.  16  is  a 
diametrical  section  of  a  raetal  top  having  a  wooden  spindle 
of  the  form  shown* 

ROD  AND   RING   EXPERIMENT. 

A   curious  result   of  the   combination   of   the   force  of 
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Rod  and  Ring^  Experiment. 


gravity  and  of  centrifugal   force   is  illustrated  in  Fig.  17. 

The  experiment  here  illustrated  is  very  simple,  requir- 
ing ftir  its  execution  only  a  rubber  umbrella  ring  and  a 
small  rod  or  smooth  string.  The  ring  is  placed  over  the 
rod    and  twirled.     It   keeps  up   its   rotation  while   slowly 
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descending,  and  it  will  persist  in  maintaining  its  motion 
when  the  rod  is  swung  like  a  pendnlum  as  shown  at  2* 
By  dexterously  turning  the  rod  end  for  end  before  the  ring 
completes  its  excursion,  the  operation  will  be  reversed  and 
the  ring  will  again  travel  downward.  When  the  rod  is 
held  vertically,  as  at  4,  the  best  results  are  secured.  A 
smooth  string  answers  a  very  good  purpose  when  strained 
in  the  manner  shown  at  5,  /.  i\,  with  the  upper  end  of 
the  string  grasped  firmly  by  the  hand  while  the  lower  end 
is  held  to  the  floor  by  pressure  of  the  foot. 

This  experiment  is  capable  of  some  modification  ;  for 
example,  a  pure  rubber  tube  may  be  substituted  for  the 
strings  or,  with  a  rod  inserted  in  it,  it  may  be  substituted  for 
the  rod,  and  a  light  metal  ring  may  be  used  instead  of  the 
rubber  ring. 

The  explanation  of  the  behavior  of  the  rubber  ring  will 
be  readily  understood  bv  reference  to  6,  from  which 
it  will  be  seen  that  the  line  of  contact  between  the  ring 
and  the  rod  is  oblique  ;  in  fact,  it  corresponds  to  a  portion 
of  the  spiral  described  by  the  ring  in  its  passage  down  the 
rod.  The  friction  due  to  the  pressure  resulting  from  cen- 
trifugal force  prevents  the  ring  from  making  a  direct  line 
of  descent,  while  its  inclined  position  compels  it  to  take  a 
spiral  course  down  the  rod. 

The  ring  rolls  by  internal  contact  with  the  rod.  but,  to 
make  one  revolution  on  its  own  axis,  it  must  roll  around  the 
rod  near]}'  as  many  times  as  the  diameter  of  the  rod  is  con- 
tained in  the  internal  diameter  of  the  ring. 

CENTRIFUGAL    ACTION    OF    AIR. 


That  air  has  sufficient  weight  to  enable  it  when  set  in 
motion  to  do  work  is  shown  by  every  whirlwind,  by  the 
action  of  the  windmill,  by  the  sailing  of  vessels, and  in  other 
ways.  The  grandest  example  of  the  centrifugal  action  of 
air  is  furnished  by  some  of  the  movements  of  the  entire 
atmospheric  envelope  of  the  earth;  the  upward  currents  at 
and  in  the  vicinity  of  the  equator,  the  downward  movement 
of  the  air  at   the  poles,  and  the  winds  blowing  along  the 
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earth's  surface  from  the  ptiles  toward  the  equator  are  due 
in  part  at  least  to  centrifugal  force.  Any  body  revolving  in 
air  furnishes  a  partial  illustration  of  this  principle,  the  de- 
fect in  the  illustration  being  the  absence  of  a  force  to  hold 
the  same  body  of  air  always  in  contact  with  the  revolving 
body. 

A  very  simple  and    effective  piece  of  apparatus  applied 
to  the  whirling  table  for  showimr   the  effect  of  centrifugal 

Fig.  i8. 
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The  **  Skeleton  Sphere," 

force  on  air  was  described  some  time  since  in  a  foreign 
scientific  journal.  The  writer  has  applied  this  apparatus  to 
the  scientific  top  (described  on  p.  i4)»  in  the  manner  fully 
illustrated  by  Fig.  3o.  The  construction  of  the  attachment 
is  shown  in  Fig.  i8,  and  Fig.  19  shows  the  direction  of  the 
air  currents. 

The  apparatus  consists  of  a  metal  tube  loosely  fitted  to 
the  stem  of  the  toi>»  and  provided  at  its  upper  end  with  a  tin 
disk  four  inches  in  diameter,  with  four  quadrants  of  the 
same  material  attached  to  the  disk  and  tube  below  the  disk 
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may  be  used— <>f  two  vertical  circular  disks  intersecting 
each  other  at  the  axis  of  rotation,  these  two  disks  being 
intersected  at  the  equator  by  another  at  right  angles  to 
the  axis. 

The  top  being  in  rapid  motion,  the  apparatus  is  placed 
upon  the  stem,  and  being  revolved  at  the  same  rate  as  the 
topj  it  throws  out  air  at  the  equator  which  is  continually 
replaced  by  air  drawn  in  at  the  poles.  The  direction  of  the 
air  currents  is  clearly  shown  by  holding  a  lighted  wax  taper 
near  the  apparatus  at  the  poles,  and  at  the  equator,  as 
shown  in  Fig.  19,  or  by  creating  a  smoke  in  the  vicinity  of 
the  top. 

A  paper  ring,  ^  inch  or  f  inch  wide,  and  J  inch  larger  in 
internal  diameter  than  the  sphere,  is  supported  by  the  out- 
rushing  air.  in  a  plane  nearly  coinciding  with  the  equator. 
If  displaced  and  released,  it  immediately  returns  to  its 
original  position. 

AN   EXPERIMENT   IN   ACOUSTICS. 

In  the  annexed  engraving  is  shown  a  very  simple  and 
effecti%^e  method  of  indicating  visibly  the  vibrations  of  a 
reed,  tuning  fork  or  diaphragm.  It  is  not  assumed  that  it 
can  replace  any  of  the  existing  methods  of  rendering  visible 
indications  of  sonorous  vibrations,  but  it  adds  another  very 
pretty  acoustic  experiment  ti?  the  list  of  those  already 
known. 

In  the  engraving  are  shown  two  forms  of  apparatus  which 
yield  practically  the  same  results.  In  one  a  reed  is  clamped 
in  a  vise  at  one  end  and  provided  at  the  other  end  with  slip 
of  wood  attached  firmly  by  a  wrapping  of  thread.  To  the 
wooden  slip  is  glued  an  ordinary  paper  pill  box,  having  a 
diameter  of  about  2  inches  and  a  depth  of  }  inch  to  i  inch. 
In  the  bottom  of  the  box  is  made  a  i  inch  hole,  in  which  is 
secured  the  end  of  a  paper  tube,  1  inch  in  diameter  and 
ibout  I  inch  long.  The  cover  of  the  box  is  perforated  w^ith 
a  J4'  inch  round  hole.  If  the  material  of  the  cover  is  coarse 
and  thick,  a  larger  hole  is  made  and  over  it  is  glued  a  piece 
*)f  fine  thin  Bristol  board,  which  is  perforated  with  a  }^ 
inch  round  hole* 
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In  the  Liox  thus  mounted  is  placed  a  strip  of  blotting 
paper  bent  into  V-shape  and  rendered  non-absorbent  at  the 
bend  by  n jeans  of  melted  wax,  paraffin  or  something  of  a 
similar  nature.  One  end  of  the  blotting  paper  is  tnoistened 
with  hydrochloric  acid  and  the  other  with  aqua  ammonia. 
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Vibratioos  Sho.in  I  v  Smoke  Rings, 

The  particles  of  ammonium  chloride  which  form  by  the 
combination  of  the  vapors  of  ammonia  and  hydrochloric 
acid  are  so  minute  as  to  float  in  the  air  like  particles  of 
smoke. 

When  the  reed  is  vibrated,  a  minute  vortex  ring  is 
formed  at  each  excursion  of  the  box  and  thrown  off  in  the 
manner  illustrated.     A  reed  having  a  low  rate  of  vibration 
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(say  32  or  less  per  second)  is  required,  and  the  amplitude  of 
vibration  must  be  small. 

When  the  box  is  attached  to  a  tuning  fork^  the  action  is 
prolonged.  It  is,  of  course,  necessary  to  compensate  for  the 
box  on  one  limb  of  the  fork  by  a  weight  on  the  other. 

In  the  sectional  yiew  is  shown  a  cylindrical  box  consider- 
ably larger  than  those  already  described.  It  is  di^^ded  into 
two  compartments  by  a  thin  rubber  diaphragm,  and  closed 
at  the  front,  with  the  exception  of  a  J^'  inch  round  aperture. 
Blotting  paper,  charged  with  hydrochloric  acid  and  am- 
monia, is  placed  between  the  diaphragm  and  the  aper- 
tured  front,  and  sounds  are  uttered  in  the  short  tubes  pro- 
jecting from  the  box.  The  vibration  of  the  diaphragm 
causes  pulfs  of  air  to  issue  from  the  small  aperture  at  the 
front  of  the  bcx,  carrying  the  fumes  of  ammonium  chloride, 
which  render  the  vortex  rings  visible.  The  sounds  uttered 
are  necessarily  of  very  low  pitch.  If  the  vibrations  are  too 
frequent  in  any  of  the  forms  of  this  experiment,  the  rings 
merge  into  each  other  and  the  effect  is  lost.  In  this  appar- 
atus, a  mere  flutter  of  the  tongue  or  lips  gives  good  results. 

It  is  obvious  that  a  burning  substance  capable  of  yield- 
ing a  good  volume  of  smoke  will  answer  quite  as  well  as 
the  ammonium  chloride. 

AN   EXPERIMENT   IN    RESONANCE. 

Nearly  every  one  must  have  heard  the  cathedral  clock 
gong.  Some  time  since  it  was  applied  only  to  fine  French 
and  English  clocks,  but  at  present  it  is  largely  used  in  the 
better  class  of  American  clocks.  There  is,  however,  a  great 
difference  in  these  gongs  and  in  the  way  in  which  they  are 
mounted,  and  a  corresponding  difference  in  the  sounds  they 
CiTiit  when  struck.  A  gong  of  uniform  temper  attached  to 
a  standard  of  suitable  weight,  securely  fastened  to  a  sound- 
ing board  of  sufficient  size  and  thickness,  is  capable  when 
struck  of  producing  a  composite  sound,  strongly  resem- 
bling that  of  a  very  large^  moderately  distant  musical  belL 
To  avoid  a  harsh,  clanging,  metallic  sound,  the  hammer 
used  in  connection  with  a  cathedral  gong  is  provided  with 
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a  comparatively  soft  striking  face,  consisting  generally  of 
a  firm  piece  of  sole  leather.  If  one  listens  intently  to  the 
sound  of  one  of  these  gongs,  he  will  be  able  with  little  dif- 
ficulty to  detect  a  few  of  the  many  tones  which  form  the 
very  complex  sound.  He  can  readily  distinguish  a  very 
grave,  subdued  note,  also  a  sound  of  high  pitch,  and  a  dis- 
cord, but  no  approximation  to  the  number  of  sounds  pro- 
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An  Expenm^nt  in  ResonaQCe. 

duced  by  the  gong  can  be  made  without  a  resonator  which 
will  select  out  the  different  sounds  in  succession.  An  in- 
strument  of  this  kind  is  shown  in  the  annexed  engraving. 
It  consists  of  an  upright  tube  closed  at  the  bottom,  open  at 
the  top,  and  furnished  with  a  small  lateral  tube  at  the  bot- 
tom for  receiving  a  flexible  tube  for  conveying  water.  In 
the  present  case  the  flexible  tube  is  connected  with  an 
ordinary  tin  pail  having  a  lateral  tube  at  the  bottom.     The 
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Upright  tube  is  elevated  above  the  level  of  the  table,  so  that 
its  full  length  may  be  utilized  as  a  resonator.  The  cathe 
dral  gong  used  in  this  experiment  was  a  small  one,  formed  of 
a  rori  of  steel  one-eighth  inch  wide,  one-sixteenth  inch  thick, 
and  about  thirty  inches  in  length,  formed  in  a  spiral  of  about 
three  turns,  the  outer  end  being  secured  to  an  arm  pro- 
jecting upward  from  a  heavy  metal  cap  resting  on  the  top 
<A  the  resonator.  The  hole  in  the  cap  is  somewhat  smaller 
than  the  mouth  of  the  resonator. 

The  gong  being  struck  at  a  point  near  its  fixed  end  by  a 
small  soft  rubber  mallet,  is  set  in  vibration.  As  the  striking  is 
repeated  at  frequent  intervals,  the  pail  containing  the  water 
is  raised,  causing  the  water  to  flow  quietly  into  the  resona- 
tor, gradually  diminishing  the  length  of  the  .column  of  air 
contained  by  the  tube.  When  the  length  of  the  air  column 
is  such  as  to  respond  tf)  any  particular  note,  that  note  is 
re-enforccd  so  as  to  become  prominent.  In  this  manner 
one  note  after  another  is  brought  out,  until  the  last  and 
highest  is  heard. 

Hy  lowering  the  pail  and  allowing  the  water  to  return  to 
it  from  the  resonator,  the  re-enforced  sounds  will  be  heard 
in  reversed  order.  As  many  as  eight  tones  will  be  heard 
prominently,  while  with  more  care  still  others  will  be  heard, 
thus  showing  the  complex  character  of  the  sound  produced 
by  the  gong,  and  showing  clearly  the  reason  of  the  har- 
monious and  pleasing  effect  which  has  made  them  so  ix)pu- 
lar. 

By  skillfully  using  the  mouth  as  a  resonator,  most  of  the 
tones  may  be  separated  out  so  as  to  be  readily  distinguished 
by  the  operator. 

LANTERN   SLIDE   ILLUSTRATING  SOUND  WAVES. 

In  demonstrating  the  theory  of  sound,  it  is  usual  to  illus- 
trate the  condcnsiUions  and  rarefactions  of  air  which  produce 
sound  waves  by  light  and  dark  bands,  which  give  an  idea  of 
the  cv>ndition  of  the  air  at  any  instant  in  which  it  is  trans- 
mitting sonorous  vibrations.  But  these  bands  do  not  repre- 
sent the  progression  of  the  sound  waves.  For  an  illustration 
of  this,  reference  is  often  made  to  the  ^pncentric  undulations 
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produced  on  the  surface  of  a  mill  pond  by  a  pebble  dropped 
in  the  water.  This  depends  for  its  value  upon  the  student 
having  noticed  the  mill  pond  phenomenon  and  upcm  his 
ability  to  realize  that  these  spreading  rings  relate  only  to 
the  feature  of  progression  as  it  would  present  itself  in  a  sec- 
tion taken  through  a  sound  sphere  m  any  plane  that  would 

Fig.  23. 
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Slide  f»r  Illu«lratiog  Concetitric  Waves. 


intersect  the  center  of  the  sphere  at  which  is  located  th^ 
source  of  sound. 

The  mechanical  slide  shown  in  Fig.  23,  when  projectedp 
is  capable  of  producing  on  the  screen  a  series  of  concentric 
rings  of  light  and  shade,  representing  the  condensations  and 
rarefactions  of  a  succession  of  sound  waves,  and  these  waves, 
beginning  at  the  center^  constantly  enlarge  in  circumference 
until  they  disappear  at  the  periphery  of  the  disk.    This  effect 
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is  produced  by  means  of  two  thin  metal  disks  arranged  ta 
revolve  on  the  same  axis,  and  each  provided  with  a  spiral 
slot  extending  from  center  to  periphery,  the  slot  of  one  disk 
being  oppositely  arranged  with  respect  to  that  of  the  other 
disk.  One  disk  is  secured  to  a  sleeve  which  fits  on  a  stud 
supported  by  a  fixed  bar  extending  across  the  opening  of  the 
slide.  The  other  disk  turns  on  the  sleeve.  The  sleeve  and  the 
disk  which  turns  upon  it  are  each  provided  with  a  small  pul* 
ley-  One  of  these  pulleys  is  slightly  larger  in  diameter  than 
the  other,  so  that  when  the  two  disks  are  projected  and 
revolved  rapidly  in  the  same  direction,  one  turning  at  a  very 
slightly  increased  speed  causes  the  points  of  intersection  of 

Fig.  24. 
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the  spiral  slots  to  move  outwardly  and  thus  produce  on  the 
screen  a  series  of  light  rings,  which  increase  in  diameter  like 
mill  pond  waves.  To  cause  the  light  rings  and  inlen^ening 
dark  rings  to  blend  into  each  other,  the  slide  is  thrown  a 
litlle  out  of  focus. 

To  show  interference  of  sound  waves  two  images  of  the 
slide  may  be  projected*  one  being  superposed  on  the  other 
as  shown  in  Fig.  24.  This  is  easily  dofie  by  arranging  at  a 
suitable  angle  in  front  of  the  lantern  objective  a  series  of 
glass  plates,  such  as  are  empto^'cd  in  a  glass  plate  polarizer, 
as  in  Fig.  25.  A  portion  of  the  beam  is  transmitted,  formmg 
anc  image  on  the  screen,  and  a  portion  is  reflected  upward 
and  intercepted  by  a  mirror  which  throws  it  upon  the  screen, 
forming  a  second,  which  may  be  made  to  coincide  with  the 
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firstt  or  it  may  be  made  to  tjverlap  the  first  image  so  as  to 
produce  the  interference  effect  shown  in  Fig.  24.  In  this 
case  the  centers  or  wave  sources  are  separated  more  than 
the  semi-diameters  of  the  disks,  and  the  interfering  waves 
approach  each  other  from  opposite  directions.     In  Fig.  26 

FijLi,  25. 


Arrangeroeivt  lor  Projecting  Two  Images  of  the  Slide. 

are  shown,  diagram maticaily,  superposed  wave  disks  with 
centers  noc  wave  length  apart.  The  waves*  "crests*'  coin- 
cide, and  re-enforcement  along  a  line  jomingthetwo  centers 
is  the  result.     If  the  centers  were  a  half  wave  length  apart, 


Fig.  26. 


Fit;    37. 


Rc-etifiircement. 


Bttat». 


the  "crests  *"  would  alternate,  and  one  set  of  waves  would 
neutralize  the  other. 

In  Fig.  27  are  shown  diagrammatically  two  disks  of  dif- 
ferent size  produced  by  dividing  the  beam  before  it  passes 
through  the  objective,  projecting  the  two  parts  of  the  beam 
^vith  objectives  of  slightly  different  power.     In  this  case. 
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owing  tu  the  difference  in  the  size  of  the  disks,  the  relative 
velocities  of  the  wave  rings  differ,  so  that  the  waves  of  one 
series  overtake  the  waves  of  the  other  series  at  a,  thus  illus- 
trating the  phenomenon  of  beats. 

This  apparatus  also  illustrates  that  the  intensity  of  sound 
is  inversely  as  the  square  of  the  distance  from  the  ear  of 
the  source  of  sound.  It  is  easily  shown  by  actual  measure- 
ment on  the  screen  that  the  sound  at  a  certain  distance  from 
its  source  must  have  four  times  the  intensity  it  would  have 
at  diHible  the  distance,  since  the  same  volume  of  sound  at 
twice  the  distance  must  be  spread  out  over  four  times  the 
area. 

The  effect  of  difference  in  pitch  can  be  illustrated  by 
using  two  lanterns  and  two  slides  of  slightly  different  cod- 
struclion,  or  two  lanterns  with  objectives  of  different  mag- 
nifying power,  with  slides  of  the  same  construction.  These 
could  be  more  easily  manipulated  than  the  apparatus  by 
which  the  light  beam  is  divided  in  the  same  lantern,  Again^ 
the  effect  may  be  still  further  varied  by  using  a  lightly  coU 
ored  glass  screen  over  the  slide  in  one  or  both  lanterns. 
These  may  be  of  the  same  color,  or  of  different  oilors* 
chosen  with  a  view  of  showing  more  clearly  the  interfer- 
ence of  the  bands. 

It  is  obvious  that  the  same  results  may  be  secured  by  the 
use  of  different  apparatus;  for  example,  in  one  side  of  a  ro- 
tating disk  may  be  made  a  semicircular  aperture  over  which 
is  placed  a  disk  \%  ith  equidistant  perforations  near  its  peri- 
phery, and  this  perforated  disk  may  be  made  to  rotate 
slowly  on  the  rapidly  revolving  disk  by  means  of  suitable 
worm  gear  carried  by  the  disk  and  engaged  by  a  worm  or 
screw  at  the  center  of  the  slide. 


THE  SCIENTIFIC    USE  OF  THE   PHONOGRAPH. 

The  phonograph  in  its  perfected  state,  although  a  scieii- 
liiic  triumph  and  a  model  of  mechanical  and  electrical  skill, 
is  designed  for  commercial  and  social  purpose  rather  than 
purely  scientific  use.  Still,  it  has  within  itself  all  the  ele- 
ments necessary  for  several  very  interesting  physical  esqperi 
mcnts.     These  are  obviously  related  to  sound  or  vibratorjr 
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action,  some  of  them  being  illustrative  of  the  phenomena  of 
the  phonograph  itself. 

Mr.  Edison  in  the  multitude  of  his  cares  finds  no  time  to 
develop  the  purely  scientific  applications  of  this  most  inter- 
esting invention.  He  has,  therefore,  delegated  this  pleas* 
ant  task  to  the  writer,  who  has  given  the  subject  considerable 
attention,  and  has  devised  a  series  of  phonographic  experi* 
ments,  some  of  w^hich  arc  shown  in  the  annexed  engrav- 
ings- The  one  given  first  seems  best  calculated  to  illustrate 
and  explain  the  action  ot  the  phonograph. 

The  instrument  shown  contains  all  the  recent  improve- 
ments.  The  phonographic  record  is  made  on  a  hollow 
cylinder  of  wax-like  material  This  cylinder  is  fitted 
to  a  cone  mounted  on  the  screw  shaft,  turning  on  two 
pointed  bearings,  one  of  which  is  fixed,  the  other  being 
supported  by  a  swinging  arm,  seen  at  the  right  hand  end  of 
the  machine  in  the  engraving.  This  construction  permits 
of  placing  the  record  cylinders  on  the  cone  and  removing 
them  quickly  and  without  the  necessity  of  making  any  ad- 
justments. The  screw  shaft  is  provided  with  a  loose  central 
bearing,  which  holds  it  up  when  the  end  bearing  is  swung 
around. 

On  a  fixed  rod  arranged  parallel  with  and  behind  the 
screw  shaft  is  placed  a  sleeve  which  carries  at  one  end  a 
spring  arrn  provided  with  a  segment  of  a  nut,  which  rests 
upon  the  threaded  portion  of  the  screw  shaft.  To  the  other 
end  of  the  sleeve  is  attached  a  curved  arm,  which  reaches 
over  the  record  cylinder  and  supports  the  diaphragm  celL 
The  latter  is  fitted  to  a  socket  in  the  arm,  and  is  arranged 
so  that  It  can  be  turned  in  its  own  plane  through  a  few  de- 
grees to  bring  the  recording  and  reproducing  styluses  into 
the  position  of  use.  An  arm  projecting  from  one  side  of  the 
diaphragm  cell  is  used  to  effect  this  change  of  position,  and 
an  adjusting  screw,  located  above  the  arm,  is  used  for 
securing  a  fine  adjustment  of  the  reproducing  stylus.  The 
enlarged  sectional  view,  Fig.  29,  shows  the  diaphragm  cell 
and  parts  connected  therewith,  actual  size. 

The  diaphragm  is  a  glass  disk  about  1-200  inch  in  thick- 
ness.     This  is  clamped    at   the  edge    betAveen    tw^o   thin 


pKir^,  a  material  whicb  ranks  next  to  the  diamond  in  the 
scale  of  hanUic$i&  The  reprc»ducing  stylus  is  a  microscopic 
^>lHrre  or  kuoK  (Krr(ectiy  smooth  and  h%hlT  poKshed.  The 
rrvojrvliug  styles  is  ciip<^hupcd  upon  the  ciid  which  cuts 
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tlie   record    cylinder,   and   is   provided    with  a   very   keen 
edge. 

The  lever,  a,  is  pivoted  at  ur  near  its  center  in  a  stud 
projecting  from  the  weighted  lever,  //,  which  is  delicately 
hinged  to  the  upper  part  of  the  diaphragm  cell,  its  lower 
end  being  free  to  move  within  certain  limits.  This  con- 
struction permits  the  recording  and  reproducing  styluses  to 
follow  the  surface  of  the  cylinder  whether  it  is  perfectly 
true  or  not     It  also  allows  the  recording  and  reoroducing 

Fig.  29, 


Section  of  the  Diaphmgm  CelU 

apparatus  to  adapt  itself  automatically  to  cylinders  of  dif- 
ferent diameter. 

It  will  be  seen  that  the  lever,  f7,  is  one  of  the  first  order, 
with  a  movable  fulcrum,  and  that  whenever  the  free  end  of 
the  lever  is  moved  upward  by  the  projections  of  the  record 
cylinder,  it  tends  to  lift  the  weighted  lever,  d;  but  owing  to 
the  inertia  of  this  weighted  lever,  it  is  unable  to  follow  all 
the  movements  of  the  lever,  a.  As  a  consequence  the  mo- 
tions of  the  latter  in  the  reproduction  of  speech  are  imparted 
to  the  diaphragm.  In  making  a  record,  the  reverse  of  this 
occurs,  /.  ^.,  the  rapid  motions  of  the  diaphragm  are  im- 
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parted  to  the  reproducing  stylus,  which  cuts  in  the  record 
cylinder  a  groove  with  depressions  and  elevations,  which 
taken  together  correspond  in  form  to  the  sinusoidal  cun^e 
which  would  represent  the  sound  wav'es  by  which  the 
vibratory  movements  of  the  recording  mechanism  were 
produced. 

The  arm  carrying  the  diaphragm  cell  also  supports  an 
adjustable  turning  tool  of  sapphire,  which  is  arranged  to 
turn  off  the  cylinder  simultaneously  with  the  production  of 
the  record.  This  tool  is  arranged  to  automatically  dis- 
engage itself  from  the  cylinder  when  the  reproducing  ap- 
paratus is  thrown  in  place. 

The  phonograph  cylinder  is  rotated  by  a  very  perfect 
electric  motor,  regulated  by  a  sensitive  governor.  To  the 
perfect  regularity  of  the  motion  of  this  motor  much  of  the 
success  of  the  phonograpli  is  due*  especially  in  the  repro- 
duction of  music,  where  the  slightest  acceleration  or  retard- 
ation would  rev^eal  itself  in  changes  of  both  pitch  and  time. 

By  applying  to  the  phonograph  two  very  simple  attach- 
ments, the  vibrating  flames  of  Koenig  may  be  produced  by 
the  movements  of  the  diaphragm,  so  that  the  character  of 
the  phonographic  record  may  be  readily  understood.  One 
of  these  attachments  consists  of  two  glass  tubes  inserted  in 
a  perforated  cork,  one  of  the  tubes  terminating  in  a  slender 
nozzle,  the  other  being  connected  with  a  gas  supply  by  a 
flexible  rubber  tube.  The  perforated  cork  is  inserted  in  the 
opening  of  the  mouthpiece,  so  that  gas  may  flow  into  the 
diaphragm  cell,  and  out  through  the  small  nozzle,  at  the 
point  of  which  it  is  ignited,  forming  a  long  narrow  flame. 
In  front  of  the  nozzle  is  arranged  a  screen  of  sufficient  height 
and  width  to  hide  the  flame. 

The  other  attachment  consists  of  a  prism  carrying  on 
each  of  its  four  sides  a  plane  mirror  and  mounted  on  a 
spindle  having  upon  its  lower  end  a  friction  wheel,  w^hich 
is  revolved  by  contact  with  the  boss  of  the  pulley  on  the 
main  shaft  of  the  electric  motor.  The  spindle  of  the  mirror 
is  journaled  in  a  sleeve  supported  by  an  arm  connected 
with  the  pointed  rod  forming  the  upper  bearing  of  the 
motor  shaft. 
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Arranged  in  this  manner  the  mirror  revolves  whenever 

the  phonograph  is  operated.  So  long  as  the  diaphragm 
of  the  phonograph  remains  quiescent  the  slender  flame  is 
undisturbed,  and  the  revolving  mirror  reflects  only  a  plain 
band  of  light;  but  when  the  diaphragm  is  vibrated  by  the 
contact  of  the  reprodccing  stylus  with  the  face  of  the  record 
cylinder^  every   projection   of  the   record  pushes  the   dia- 

Fig    30. 


He 


phragm  outwardly,  thus  forcing  the  gas  outward,  acceler- 
ating its  flow  through  the  nozzle,  thereby  elongating  the 
flame,  while  every  depression  of  the  record  allows  the  dia- 
phragm to  move  inward  by  its  own  elasticity,  thus  drawing 
the  gas  inwardly,  effecting  a  retardation  of  the  flow  of  gas 
through  the  nozzle,  thus  causing  a  sinking  of  the  flame. 
These  changes  in  the  length  of  the  flame  take  place  with 
such  rapidity  that  no  change  in  the  character  of  the  flame 
is  observable   with   the  unaided   eye,  unless  the  eyes  are 
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quickly  turned  from  side  to  side,  when  the  vibratory  nature* 
of  tlic  flame  will  appear:  but  no  satisfactory  analysis  of  the 
flames  can  be  made  in  this  way.  The}''  must  be  viewed  in 
the  revolving  mirror  to  determine  their  true  form  and  the 
relaxation  of  the  crests  and  hollows  of  the  flame  waves. 
These  flames  represent,  in  a  greatly  exaggerated  forra,  the 
shape  of  the  projections  and  depressions  of  the  phono- 
graphic record.  Every  vowel  produces  a  characteristic 
series  of  waves  or  flames^  the  images  of  which  are  spread 
out  by  reflection  from  the  revolving  mirror.  Musical 
sounds  from  different  instruments  yield  flames  differing 
from  those  formed  by  vocal  sounds.  A  song  produces  a 
rapid  succession  of  flame  images,  which  constantly  vary  in 
form  and  size. 

As  an  aid  to  the  understanding  of  the  phonographic 
record  and  the  action  of  the  phonography  nothing  can  excel 
this  simple  device. 

Among  the  different  motors  applied  to  the  phonograph, 
the  water  motor  and  the  electric  motor  seem  preferable  for 
scientific  use. 

The  electric  motor  is  represented  in  Fig.  30,  removed 
from  the  case,  a  part  of  the  plate  by  which  it  is  supported 
being  broken  away  to  show  the  commutator.  The  field 
magnet,  A,  is  formed  with  four  polar  extremities  alternating 
as  to  polarity,  and  the  armature  consists  of  a  ring,  B,  of  the 
Pacinotti  type,  with  a  laminated  core.  The  armature  shaft 
is  joumaled  at  the  bottom  in  a  step  formed  in  the  yoke  of 
the  field  magnet,  and  at  the  top  on  a  point,  C,  supported  by 
an  arm  projecting  upw^ard  from  the  base  plate  of  the  instru- 
nxent.  The  ring  and  the  commutator  are  divided  into 
twL"uty-four  sections,  the  connections  of  which  are  arranged 
to  produce  four  poles  in  the  armature.  The  commutator 
bii^ishes  are  held  90  apart  by  a  curved  vulcanite  bar,  D, 
supported  by  an  adjustable  arm.  The  motor  is  shunt- 
wound,  and  adapted  to  a  two-ampere  current  having  a  pres- 
sure of  two  volts.  It  may  be  operated  by  a  primary  or  a 
secondary  battery ;  the  latter  is  preferred  for  use  in  places 
affording  facilities  for  recharging,  although  the  primary 
battery  furnished  with  the  instrument  is  easily  mounted,  and 
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yields  sufficient  current  for  about  thirty  hours*  use  with  one 
charge* 

The  armature  shaft  is  provided  with  a  pulley,  E,  which 
drives  the  governor,  F,  and  with  a  small  pulley  arranged 
below  the  pulley^  E,  and  connected  with  the  pulley,  G,  on 
the  horizontal  phonograph  shaft  by  means  of  a  belt  whose 
direction  is  changed  by  two  guide  pulleys. 

The  governor  is  shown  on  an  enlarged  scale  in  Fig.  3^*  It 
is  remarkable  both  for  its  simplicity  and  the  accuracy  with 
which  it  controls  the  speed  of  the  moton     On  the  wooden 

Fig.  31. 
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base  is  mounted  the  vertical  frame  of  the  governor,  in  which 
is  journaled  a  spindle,  having  near  its  lower  extremity  a 
pulley  for  receiving  the  belt  from  the  pulley,  E,  on  the  mo- 
tor shaft.  To  the  upper  part,  and  on  opposite  sides  of  the 
spindle,  are  secured  two  springs  which  extend  downward. 
Their  lower  ends  are  secured  to  the  flanged  sleeve,  a.  To 
the  iron  frame  of  the  governor  is  secured  a  brush,  b,  which 
bears  continually  on  the  sleeve,  a.  The  regulating  device, 
H,  consists  of  a  curved  spring  supporting  the  brush,  r. 
Above  this  brush  is  arranged  a  spring  arm  w^hich  is  made  to 
bear  upon  and  change  the  position  of  the  brushy  i\  by  turn- 
ing the  milled  nut,  d. 
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When  the  flange  on  the  sleeve,  a,  touches  the  brr:sh,  r, 
the  entire  current  of  the  battery  flows  unimpeded  through 
the  motor,  but  when  the  speed  of  the  governor  increases  in 
the  slightest  degree,  the  balls  are  thrown  outward  by  cen- 
trifugal force,  thus  bowing  the  springs  outwardly  and  lift- 
ing the  flanged  sleeve,  a^  from  the  brush,  c^  causing  the  cur- 
rent to  flow  through  a  small  resistance  arranged  underneath 
the  base  of  the  governor,  thus  diminishing  the  current,  con- 
sequently preventing  any  increase  of  speed  in  the  motor. 
Usually  this  sensitive  governor  keeps  up  an  incessant  shift- 
ing of  the  current,  giving  the  armature  a  succession  of  little 
impulses  whose  aggregate  and  average  effect  is  to  maintain 
an  almost  absolute  rotation  of  the  governor  and  phono- 
graph cylinder  connected  therewith. 

With  a  motor  having  a  governor  of  this  character  it  Is  a 
matter  of  little  consequence  whether  the  battery  used  is 
constant,  pre jvided  it  has  a  surplus  of  power.  To  utilize  the 
phonograph  for  the  purpose  of  measuring  different  inter\^als 
of  time,  it  is  not  only  necessary  to  provide  means  for  con- 
trolling the  velocity  of  the  record  cylinder,  but  also  to  hav^e 
a  ready  means  of  standardizing  the  phonograph,  and  check- 
ing its  motion  at  every  revolution,  or  at  least  frequently, 
and  means  for  producing  impressions  at  minute  intervals  for 
comparison  with  the  records  to  be  measured- 
All  these  results  are  secured  by  the  apparatus  figured  in 
Figs.  32,  33  and  34.  Fig.  32  shows  the  general  arrangement 
of  the  phonograph,  and  Fig.  33  is  a  plan  view,  shewing  the 
circuit  closer  of  the  phonographic  cylinder.  In  the  back- 
ground of  Fig.  32  is  shown  a  pendulum  beating  seconds,  and 
provided  at  the  bottom  with  a  mercurial  contact  for  closing 
the  circuit  ev^ery  time  the  pendulum  swings.  The  phono- 
graph cylinder  is  surrounded  by  a  vulcanite  ring,  r?,  at  its 
larger  end,  which  carries  a  metallic  bar  arranged  parallel 
with  the  axis  of  the  cylinder.  Two  contact  springs,  /^  d\ 
arranged  to  press  upon  the  ring,  a,  are  secured  to  the  phono- 
graph frame,  but  insulated  therefrom.  These  springs  are 
in  parallel  circuit  with  the  pendulum,  and  in  the  conductor 
leading  from  the  pendulum  and  the  springs  to  the  zinc  pole 
of  the  battery  is  inserted  a  bell,  r.     A  key,  (/,  is  included  in  a 


by  the  pendulum,  the  circuit  closing  springs  on  the  phono- 
graphic cylinder,  or  the  key,  and  these  may  be  made  to  act 
simultaneously  or  at  different  times.  As  the  phonograph 
cylinder  revolves  ordinarily  at  the  rate  of  two  revolutions 
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per  second,  thus  closing  the  circuit  of  the  bell  twice  each 
second,  and  as  the  pendulum  closes  the  circuit  once  each 
second,  it  is  necessary  to  cause  these  two  contacts  to  pn> 
duce  but  a  single  stroke  upon  the  bell,  li,  at  every  alternate 
revolution  of  the  phonogriiph  cylinder,  the  circuit  is  not 
,lu3ed  simultaneously  bv  the  springs,  d,  b\  and  the  pendu- 
lum, and  the  plionograph  cylinder  falls  behind  or  gains  upon 
the  pendulum,  it  will  be  indicated  by  a  double  stroke  of  the 
bclL  Perfect  synchrrmism  can  be  secured  by  regulating  the 
phonograph  governor. 

Between  the  bell,  r,  and  the  diaphragm  cell  of  the  phono- 
graph is  suspended  a  funnel.  To  allow  the  arm  of  the 
phonograph  to  move  freely,  it  is  connected  with  the  phono- 
graph cell  by  a  flexible  tube.  In  front  of  the  funnel,  and  at 
the  side  of  the  bell,  r,  is  arranged  a  pair  of  %v^histles  tuned  so 
as  to  give  beats  lo,  50,  or  100  to  the  second,  so  that  while 
the  bell  records  the  half  second,  the  beats  of  the  whistle  wall 
make  impressions  upon  the  cylinder  representing  tenths, 
fiftieths  or  hundredths  of  a  second.  To  prevent  a  prolonged 
sound  from  the  bell,  it  is  damped  by  stretching  over  it  a 
rubber  band. 

Personal  equation  is  determined  by  means  of  a  key  which 
closes  the  circuit  on  the  bell  independently  of  the  phono- 
graph or  pendulum,  and  any  of  the  various  known  methods 
ol  determining  personal  equation  may  be  adapted  to  the 
phonograph.  By  employing  visible  signals,  the  visual  per- 
ception may  be  tested.  In  a  similar  way,  by  means  of  audi- 
ble signals,  the  activity  of  the  auditory  apparatus  may  be 
ascertained.  By  suitable  appliances  the  sense  of  touch  can 
also  be  tested.  Other  measurements  may  be  made  by  means 
of  a  bell  or  other  equivalent  device  detached  from  the 
phonograph  and  connected  with  the  apparatus  by  which  the 
circuit  is  controlled,  as,  for  example,  the  grating  used  in 
testing  the  velocity  of  a  bullet. 

It  is  obvious  that  for  very  high  speeds,  as  in  the  case  of 
a  bullet,  it  is  necessary  to  have  two  different  magnets  for 
making  the  record,  one  for  the  start  and  the  other  for  the 
stop,  so  that  if  a  bell  were  used  there  would  be  two  magnets, 
two  armatures,  and  two  bell  hammers.     It  is  obvious  thr.t 
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Fig.  33. 


most,  if  not  all,  of  the  measurements  possible  with  the  ordi^ 
nary  chronograph  may  be  carried  on  in  connection  with  the 
phonograph.  The  record  can 
be  easily  read  so  as  to  inter- 
pret the  measurement,  by  turn- 
ing the  phonograph  cylinder 
very  slowly.  In  case  of  very 
high  velocities,  it  is,  of  course, 
necessary  to  run  the  phono- 
graph as  rapidlj^  as  possible, 
and  to  provide  a  pair  of  whis- 
tles of  higher  pitch,  so  that 
the  sounds  will  be  perceptible 
when  the  speed  of  the  phonograph  cylinder  is  reduced  tor 
the  purpose  of  reading  the  record » 

One  of  the  uses  to  which  the  phonograph  is  peculiarly 


Circuit  Closer. 


Fig.  34' 


Whistles  fur   Pr  , 


lit-at>, 


adapted  is  measuring  the  velocity  of  sound.     From  the  nature 
of  the  instrument  it  is  necessary  that  the  sound  be  propagated 
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in  a  contiiied  space,  and  that  this  space  begin  and  end  at  the 
mouth  piece  of  the  phonograph,  to  allow  of  making  two  dis* 
tinct  records  on  the  wax  cylinder^  one  of  the  sound  as  it  is 
made  directly  in  the  mouth  piece,  the  other  of  the  same  sound 
after  it  has  traveled  through  the  tube  and  returned  to  the 
mouth  piece. 

The  accessories  for  this  experiment  are  few  and  simple* 
The  funnel,  or  auxiliary  mouth  piece,  is  in  this  case  connected 

Fig.  35. 


--4tL 
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Measuring  the  Velocity  01   Sound  by  the  Pbonograpb. 

with  the  phonograph  mouth  piece  by  a  flexible  tube,  Fig.  35, 
and  the  funnel  is  suspended  so  as  to  cause  it  to  maintain  a 
fixed  position,  while  the  phonograph  mouth  piece  and 
recording  stylus  traverse  the  record  cylinder. 

A  forked  tube,  terminating  in  the  flaring  mouth  piece,  is 
connected  by  one  of  its  branches  with  a  long  tube  which  ex- 
tends away  from  the  phonograph  and,  returning  parallel  with 
itself,  enters  the  suspended  funnel.  The  other  branch  of  the 
forked  tube  opens  directly  into  the  funnel.  The  long  tube 
is  supported  at  suitable  intervals,  and  in  front  of  the  flanng 
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mouth  piece  is  placed  a  bell,  which  is  damped  so  as  to  pro- 
duce only  a  momentary  sound. 

The  phonograph  is  set  in  operation  in  the  usual  way,  with 
the  record  cylinder  revolving  at  a  speed  of  say  two  revolu- 
tions per  second.  Now  if  a  sound  of  sufficiently  short  dura- 
tion is  produced  by  the  bell,  the  two  records  made,  one  by 
the  sound  entering  directly  into  the  phonograph  mouth  piece, 
the  other  by  the  sound  traveling  through  the  long  pipe  before 
reaching  the  mouth  piece,  will  be  distinct  and  separable  on 
reproducing  the  record  with  the  cylinder  revolving  at  a 
slower  speed,  say  sixty  revolutions  per  minute.  The  interval 
between  the  records  may  be  accurately  measured  in  the 
manner  previously  described. 

In  this  way,  knowing  the  length  of  the  tube,  the  velocity 
of  the  sound  in  the  tube  is  readily  ascertained.  A  tube  fifty 
feet  long  will  show  an  interval  between  the  records  of  one 
twenty-third  of  a  second  when  the  phonograph  cylinder 
makes  two  revolutions  per  second.  This  is  an  appreciable 
interval,  but  when  the  speed  of  the  cylinder  is  reduced  one- 
half,  the  record  shows  double  the  interval.  The  interval 
may,  of  course,  be  increased  by  lengthening  the  tube,  and  it 
may  be  made  more  apparent  by  increasing  the  speed  of  the 
phonograph  cylinder  while  recording,  and  greatly  reducing 
the  speed  while  reproducing  the  record. 

The  well  known  experiment  in  which  the  interference  of 
sound  waves  produces  silence  may  be  readily  adapted  to  the 
phonograph.  The  double  tube  is  connected  by  one  end  with 
the  phonograph  mouth  piece,  and  by  the  other  with  an  ear 
piece.  A  record  of  a  continuous  musical  note  being  in  place 
on  the  phonograph,  and  adjusted  so  as  to  give  a  continued 
sound,  the  length  of  the  adjustable  tube  is  increased  until 
the  waves  in  that  branch  travel  through  half  a  wave  length 
more  than  those  in  the  other  branch.  Under  these  conditions 
the  waves  from  the  two  branches,  meeting  in  opposite  phases 
in  the  ear  tube,  neutralize  each  other,  and  silence,  or  a  close 
approximation  to  it,  is  the  result. 

In  Fig. 36  is  shown  a  simple  device,  by  means  of  which  the 
conductivity  of  gases  for  sound  may  be  tested.  A  flexible 
gastight  tube  is  connected  by  one  end  with  the  phonographic 
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diaphragm  cell,  while  the  opposite  end  of  the  ttibe  is  attached 
to  an  ear  piece  consisting  of  a  diaphragin  cell  prorided  with 
a  very  thin  rubber  diaphragm.  In  the  side  of  the  flexible 
tube,  at  opposite  ends,  are  inserted  smaller  rubber  tubes  for 
'Changing  the  gas  in  the  flexible  tube.  Each  of  the  small  tubes 
is  provided  with  a  pinch  cock  for  shutting  off  the  gas  in  the 
Jarger  tube. 

When  the  tube  is  filled  with  air  the  sound  is  convered 


Fig.  3^' 


iesiing  the  Conductivity  of  Gases. 

with  perceptible  diminution*  When  hydrogen  is  substitnted 
for  the  air,  the  sound  is  diminished  so  as  to  be  scarcely  au- 
dible.    Other  gases  produce  different  results* 

Many  of  the  experiments  in  sound  commonly  performed 
by  the  vocal  organs,  in  connection  with  some  mechanical  de- 
vice, may  be  carried  on  to  advantage  by  the  aid  of  the  pho- 
nograph. When  the  mouth  is  used  it  is  diflFicult  to  secure 
continuous  or  variable  sounds  without  producing  puffs  of  air, 
which  are  fatal  to  the  experiment,  whereas  in  the  case  of  the 
phonograph  these  puffs  are  absent.     Take  for  example  the 


THE   SCIENTIFIC   USE   OF  THE   PHONOGRAPH. 


22J 


beautiful  experiment  of  the  vibrating  soap  fihih  It  is  almost 
impossible  to  produce  continued  vibrations  by  means  of  the 
vocal  organs ;  but  it  is  a  simple  matter  to  secure  uniform  re- 
suits  when  the  vibrations  are  produced  by  the  phonograph. 
To  carry  out  this  experiment  in  connection  with  the 
phonograph,  it  is  necessary  to  first  produce  a  record  of  the 
required  sounds.  A  thistle  tube,  made  in  the  form  shown 
in  Fig.  37t  is  used  for  holding  the  soap  film.   A  beam  of  sun- 


Fig.  37. 


Fig.  38. 


Project  J  on  of  Vibrating 
Soap  Film. 


The  Opeido scope  Applied  to 
the  Flionogfaph. 


light,  or  a  parallel  beam  from  an  optical  lantern,  is  thrown 
upon  the  film,  and  the  reflected  beam  is  passed  through  a 
lens  of  6  or  8  inch  focus,  and  received  upon  a  white  screen. 
As  the  phonograph  imparts  vibrations  to  the  air  in  the  thistle 
tube  the  soap  film  is  vibrated,  and  gorgeous  color  effects  in 
various  figures  are  seen  upon  the  screen. 

A  similar  experiment  is  illustrated  by  Fig.  38.  This  is  a 
modification  of  the  opeidoscope,  A  thin  membrane  of  gold* 
beater's  skin  or  rubber  is  stretched  over  a  wooden  or  metallic 
cell  and  secured  b}-  a  winding  of  thread.    To  the  center  of 
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have  been  brought  opposite  one  another^  the  card  is  slipped 
carefully  to  one  side  so  as  to  open  a  small  communication  be- 
tween the  two  glasses;  this  done,  there  immediately  begins 
an  exchange  of  the  liquids,  and  it  is  observed  that  the  claret 
is  flowing  in  a  gentle  stream  into  the  upper  glass,  the  water 
descending  through  the  small  opening  and  displacing  the 
claret.  The  claret  soon  begins  to  spread  out  in  an  even 
body  over  the  w^ater  contained  in  the  upper  glass.  This 
process  continues  until  there  is  a  complete  interchange  of 
the  two  liquids.  Of  course,  the  explanation  is  simple 
enough.  The  water,  being  a  heavier  liquid  than  the  claret, 
sinks  into  the  lower  glass»  and  the  claret  is  forced  up  to  fill 
the  displacement  of  the  water.  It  Hows  in  a  steady,  clear- 
cut  stream,  and  the  effect  as  it  rises  through  the  water  is 
very  fine. 

It  is  remarkable  that  in  this  experiment  there  is  nti  oL- 
servable  intermixture  of  the  liquids.  The  water  contained 
in  the  lower  glass  after  the  experiment  is  quite  clear  and 
transparent.  It  is  also  curious  that  the  water  in  the  upjjer 
glass  passes  the  space  between  the  rims  of  the  glasses,  and 
enters  the  lower  glass  without  any  leakage  whatever.  This, 
however,  is  fully  explained  by  the  surface  tension  existing 
on  the  liquid  at  this  point. 

The  card  used  in  this  experiment  is  about  the  thickness 
of  an  tjrdinary  postal  card.  The  experiment  is  easily  per- 
formed, and  is  worth  trying.  The  upper  glass  containing 
the  water  may  be  lifted  and  carried  about  while  the  card  is 
attached,  without  holding  it  on  with  the  hand,  thus  illus- 
trating in  a  well-known  way  the  effect  of  atmospheric  pres- 
sure. 

SURFACE   TENSION.* 


Trie  existence  of  surface  tension  is  shown  by  the  follow- 
ing simple  experiments:  (i)  Two  round  pencils,  made  of 
light  wood,  and  not  more  than  %  inch  in  diameter,  are  placed 
in  contact  one  on  the  other  in  a  horizontal  position.  Place 
between  the  two  pencils  several  drops  of  pure  water,  so  that 
all  of  the  line  of  contact  is  well  moistened.     In  a  little  time, 

*From  the  German  edition  of  •^Expeiimenial  Science." 


230 


EXPERIMENTAL   SCIENCE— APIENDIX. 


a  quantity  of  water  will  adhere  to  both  pencils,  which  will 
take  a  concave,  curved  shape,  a  cross  section  of  which  is 
shown  ill  F'ig.  40.  The  lower  pencil,  in  consequence  of  the 
tension  of  the  concave  surfaces,  a  and  A  on  opposite  sides  of 
the  line  of  contact,  will  be  suspended  from  the  other  pencil. 
The  adhesion  is  strong  enough  to  admit  of  moving  the  pen- 
cils  about.  {2)  Clean  a  copper  ring  made  of  wire  about  ^ 
inch  in  diameter  and  having  a  diameter  of  2J^  or  3  inches. 
Lay    the   ring    carefully    upon  the   surface    of   very   pure 

Flii.  40, 


E]iamplc  of  Surface  Tension. 


water,  contained  in  a  well-washed  glass  vessel,  as  shown  in 
Fig.  41.  The  ring  will  float  in  spite  of  its  specific  w^eight- 
Needles,  quicksilver  globules,  thin  rings  of  platinum,  etc., 
may  also  be  made  to  float  upon  the  water.  (3)  Takea  sheet 
of  light  but  not  glossy  paper,  about  5  or  6  inches  long  and  3 
inches  broad,  and  turn  down  upon  all  (our  sides  a  margin 
about  I  inch  broad.  Then  lilt  up  these  edges  and  form  a 
box  I  inch  high,  as  shown  in  Fig.  42.  Place  the  box  upon  a 
table,  and  moisten  bv  means  of  a  brush  all  the  inner  sui^ 
iace,  then  pour  water  in  to  a  depth  of  i  inch.     The  tension  of 
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ter  of  I  inch  and  a  length  of  |  inch,  and  in  the  middle  of  one 
end  of  the  cork  insert  a  fine  iron  wire,  from  2  to  2^  inches 
in  length,  provided  with  a  hook,  on  which  is  placed  a  little 
basket  to  receive  the  ballast.  Upon  the  other  end  of  the 
cork  is  fastened  a  frame,  which  consists  of  a  fine  iron  wire 
ring  3  inches  in  diameter,  and  two  pieces  of  the  same  wire 
are  inserted  in  the  cork  so  as  to  support  the  nng  perpendicu- 
lar to  the  axis  of  the  cork  and  concentric  with  it.  Plunge 
this  little  instrument  in  water  contained  in  a  vessel  of  suffici- 
ent depth.  If  the  weight  in  the  vessel  is  suitable,  the  cork 
will  be  held  in  a  vertical  position,  and  only  project  a  short 
distance  above  the  surface  of  the  water.  If  the  whole  appa 
ratus  be  pressed  down  vertically  in  the  water  until  the  ring 
is  submerged,  as  shown  in  Fig.  43,  the  ring  will  not  leave  the 
water,  being  held  by  the  surface  tension  of  the  water,  but 
will  rise  a  little  above  the  water  level,  and  the  water  will 
take  the  form  of  a  concave  meniscus.  To  liberate  the  ring 
so  that  it  will  rise  up  out  of  the  water  apparently  by  a  free 
impulse,  and  allow  the  system  to  regain  its  first  position  of 
equilibrium,  let  fall  a  drop  of  ether  upon  the  water.  This 
will  decrease  the  surface  tension,  when  the  buoyancy  of  the 
cork  will  lift  the  ring  above  the  water,  {s)  Dissolve  i^ 
ounces  of  Castile  soap  and  i^  ounces  of  crystalline  sugar  in 
a  quart  of  water.  In  this  plunge  a  square  bent  from  small 
slender  iron  wire,  and  draw  it  out  again.  It  will  be  filled 
with  a  thin  film  of  the  liquid.  Lay  upon  this  film  a  loop  of 
silk  thread,  as  shown  in  Fig.  44.  It  will  form  an  irregular 
outline.  If  the  film  be  perforated  within  the  silk  loop,  the 
thread  will  suddenly  form  a  complete  circle. 

INTERKSTING    OPTICAL    ILLUSIONS. 

Human  visual  apparatus  has  certain  qualities  which  cannot 
be  classed  among  defects,  although  under  certain  conditions 
they  prevent  seeing  things  as  they  really  are.  To  persistence 
of  vision,  or  the  property  of  the  retinal  nerves  by  which  an 
image  is  retained  after  the  object  by  which  it  was  formed 
has  disappeared,  are  due  the  phenomena  here  described  and 
illustrated. 
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A  slKirt  time  since  tbe  writer,  in  seardi  of  oeir  aptiai 
fllusions  wherewith  to  amuse  if  not  to  mstmct  a  fitlle  cixeI' 
pany  of  scientific  persons*  f  atind  in  the  stare  of  tbe  well- 
known  optician,  Mn  T.  H.  McAlUsicr,  of  this  city,  an  in- 
strument known  as  the  anorthoscope,  which  was  iiapmted 
by  him  about  thirty  years  ago.    Although  it  was  a  mawdBtj 

then,  and  probably  wdl  known 
to  many,  it  is  now  lare.  In 
fact«  perhaps  not  one  in  the 
two  or  three  hundred  who 
have  seen  it  had  erer  eren 
beard  of  it. 

The  anortho5cc^>e  shown 
in  Fig,  45  is  a  modified  form  of 
the  instrument  above  referred 
to^  and  is  adapted  to  experi- 
ments other  than  those  beloiig- 
ing  to  the  original  apparatus. 
This  instrument  has  a  stand- 
ard provided  with  a  sleeve 
upon  which  is  pivoted  a  mov- 
able ami.  In  the  upper  end 
of  the  standard  and  free  end 
of  the  movable  arm  are  in- 
serted studs  upon  which  are 
placed  sleeves,  each  furnished 
with  a  pair  of  collars  for  clamp- 
ing the  paper  disks — presently 
to  be  described — also  a  groov- 
ed  pullc^^ 

In  the  sleeve  in  the  stand- 
ard is  joumaled  a  shaft  having 
at  one  end  a  crank,  and  a  pulley  of  the  same  size  as  that 
above  it  at  the  upper  end  of  the  standard,  and  upon  the  other 
end  a  grooved  wheel  four  times  the  diameter  of  the  grooved 
pulley  at  the  upper  end  uf  the  movable  arm.  The  small 
pulley  below  is  connected  %v  ith  the  small  pulley  above  by  a 
crossed  belt,  and  the  large  grooved  pulley  is  connected  with 
the  small  pulley  above  it  by  a  **  straight  *'  belt. 


'T. 


The  Anonhoscope. 
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Between  the  collars  upon  the  sleeve  driven  by  the  crossed 
belt  is  placed  a  black  disk  having  four  equidistant  radial 
slots*  and  upon  the  other  sleeve  is  secured  a  translucent  disk 
bearing  an  anamorphosed  design  which,  viewed  separately 
from  the  instrument,  bears  h'ttle  resemblance  to  the  object 
it  is  intended  to   represent,  but   when  revolved  in  the  anor- 


Fig.  46. 


Flu.  47. 


U    ♦ 


/^  *J 


Slotted  Disk. 


A  Produces  B. 


thoscope  and  viewed  through  the  slots  of  the  black  disk»  the 
enormous  distortion  is  corrected  and  five  correct  images  are 
seen.  This  number  of  images  is  accounted  for  by  the  four 
revolutions  in  one  direction  of  the  disk  carrying  the  design 
and  the  single  revolution  of  the  disk  with  radial  slots  in  op- 
posite direction,  giving  five  views  of  the  same  object  for 

Fig.  48. 


C  Produces  D. 


every  revolution  of  the  radially  slotted  disk.  The  designs 
are  distorted  only  in  the  direction  of  their  rotation,  the  pro- 
portions in  the  direction  of  the  radii  of  the  disk  being  nor- 
mal. A  face  view  of  the  radially  slotted  disk  is  given  in 
Fig.  46-  . 

In  Fig.  47  the  distorted  card  design  shown  at  A  is  seen  in 
the  anorthoscopc  as  a  hand  of  cards  as  shown  at  B.  In  Fig. 
48  the  design,  C,  produces  the  wreath,  D,  in  the  instrument^ 
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and  in  Fig.  49  the  distorted  flowers,  E,  produce  the  wreath, 
F.  The  distorted  image  is  seen  only  in  narrow  successive 
sections,  which  by  the  retaining  power  of  the  retinal  nerves 
are  blended  into  an  image  which  is  shortened  in  the  direc- 
tion of  rotation  to  one-fifth  its  real  dimensions,  while  it  is 
multiplied  five  times. 

There  are  two  methods  of  laying  out  the  designs  for  this 
instrument,  both  based  upon  the  development  of  the  original 
picture  in  a  subdivided  rectangle.  It  is  obvious  that  if  a 
subdivided  square  can  be  produced  in  the  anorthoscope 
from  a  distorted  representation  of  it,  any  figure  that  can  be 
inscribed  in  such  a  square  can  also  be  produced  in  the  same 
way.  In  Fig.  50  is  illustrated  a  method  of  laying  out  a  rect- 
angular  parallelogram,    A»   divided   into   thirty-two    equal 

Fig,  49. 


E  Produces  F. 

squares,   alternate  squares  of  the  upper  two    rows   betng^ 
shaded. 

To  lay  out  the  figure,  from  the  center,  C,  strike  a  circle 
bounding  the  periphery  of  the  disk,  draw  a  diametrical  line, 
and  at  any  convenient  distance  from  the  peripheral  line  lay 
out  the  rectangular  parallelc^ram,  as  shown.  From  the 
center,  C,  describe  an  arc,  touching  the  outer  angles  of  the 
parallelogram,  A :  locate  a  new^  center.  D,  below  C,  on  the 
diametrical  line,  a  distance  equal  to  the  versed  sine  of  this 
arc.  From  this  center  describe  circles  tangent  to  the  hori- 
zontal lines  of  the  subdivided  rectangular  parallelogram. 
Lay  oflf  on  the  central  circle  spaces  five  times  greater  than 
and  equal  in  number  to  the  longitudinal  divisions  of  the 
]iarallelogram.  From  a  point  at  the  intersection  of  the  dia- 
metrical line  with  the  middle  circle  of  the  set  thus  drawn* 
draw  lines  intersecting  the  middle  circle  at  the  points  set  off. 
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Tbese  Uacs  radiating  from  the  point,  a«  and  the  < 
series  of  concentric  circles  bound  spaces  wfikii  appear  as 
squares  in  the  aoorthoscope*  The  lines  radiating  frcMP  the 
point,  a,  must  be  increased  five  times  in  thickness  to  secure 
a  line  of  nonnal  width  in  the  instrument.  The  spaces  in  the 
di^orted  figure  representing  the  shaded  squares  aie  filled 
op  solid  with  blacky  the  whole  forming  the  figure  B,  which, 
viewed  in  the  anorthoscope*  appears  as  at  A.  Anj  figure 
drawn  on  the  subdiWded  parallelogram  and  projected  on  the 
distorted  figure,  B«  would  appear  normal  in  the  instrument. 

FiG.  s^ 


When  accuracy  is  immaterial,  the  figure  may  be  devel- 
oped on  circular  lines,  as  shown  in  Fig.  51^  the  horizontal 
spaces  of  the  square,  A,  being  developed  on  the  circular 
lines  by  radial  lines  which  intersect  the  middle  circular  line 
at  equidistant  points  separated  by  spaces,  each  having  five 
times  the  width  of  one  of  the  smaller  squares.  The  distorted 
figure,  B,  viewed  in  the  anorthoscope,  appears  x^ry  nearly 
like  the  outline  drawing  i>f  the  flower  in  the  square,  A,  In 
this  diagram  everything  is  drawn  with  reference  to  the  cen- 
ter, C. 

Recently  the  writer  has  adapted  these  experiments  to  the 
lantern.     The  distorted  pictures,  which  are  drawn  on  card- 
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board  disks  about  thirty  inches  in  diameter,  are  placed  on  a 
large  rotator  about  twenty-five  feet  from  the  lantern,  and  in 
the  lantern  slide  holder  is  placed  the  rotary  disk  shown  in 
Fig.  52,  This  disk,  which  is  provided  with  four  narrow 
radial  slots,  is  mounted  on  a  small  stud  projecting  from  a 
plate  of  glass  held  by  the  frame  of  the  apparatus.  The  slots 
are  extended  as  nearly  as  possible  to  the  center  of  the  disk, 
and  the  segments  of  the  disk  are  strengthened  by  triangu- 
lar braces. 

To  avoid  using  a  belt,  the  disk  is  driven  from  its  peri- 
phery by  rubber  frictional  gearing,  as  shown.  A  lantern 
objective  of  low  power  is  used  and  the  slots  are  sharply 
focused  on  the   large   disk.     The    disks  are  arranged  with 


Fig.  53. 


Fiti.  54. 


Fig.  55. 


Curious  Ejects  of  Rotating  Disks  witli  Radial  Bands, 

their  axes  in  line,  and  when  the  revolutions  of  the  smaller 
and  larger  disks  are  as  one  to  four,  and  in  opposite  direc- 
tions, the  effects  above  described  are  produced  on  a  scale 
sufficiently  extended  to  be  seen  by  a  large  number  of  spec- 
tators. In  this  experiment  the  axes  of  the  disks  must  be  in 
line. 

By  substituting  the  disk  shown  in  Fig.  53  for  the  anor- 
thoscope  disk  some  very  curious  effects  may  be  produced. 
When  the  axes  of  the  disks  are  in  line,  the  radial  bands  will 
be  apparently  multiplied  or  reduced  in  number  according  to 
the  relative  speeds  and  the  direction  of  rotation  of  the  disks. 
When  the  radially  slotted  disk  in  the  lantern  is  arranged 
eccentrically  with  reference  to  the  large  disk  having  radial 
bands,  the  effect  shown  in  Fig.  54  is  produced  when  both 
disks  are  rotated  in  the  same  direction,  and  when  they  are 
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rotated  in  opposite  directions  the  effect  is  as  shown  in  Fig. 
55.  These  forms  may  be  greatly  modified  by  moving  the 
slotted  disk  in  the  lantern  across  the  field. 

These  curious  effects  are  due  to  the  crossing  of  the  white 
radial  bands  by  the  bands  of  light  from  the  lantern  and  thr 
retention  of  the  images  of  these  spots  of  light  throughout 
their  entire  course,  thus  giving  the  appearance  of  curv'cd 
bands. 

By  substituting  a  disk  with  radial  bands  for  the  anortho- 
scope  disk  in  the  instrument  shown  in  Fig.  45,  and  swinging 
the  movable  arm  of  the  instrument  over,  so  as  to  arrange 
the  disks  eccentrically  with  reference  to  each  other,  the 
effects  last  described  may  be  viewed  without  the  use  of  a 
lantern. 

OPTICAL    ILLUSIONS    ADAPTED    TO    THE     LANTERN. 

An  interesting  illusion  produced  by  three  coins — prefer- 
ably silver  dollars — consists  in  placing  the  pieces  in  a  row 
and  removing  the  center  one  from  between  the  others  at 
right  angles  to  the  line  upon  which  they  were  all  originally 
arranged  until  the  distance  between  the  moved  coin  and 
either  of  the  others  is  adjudged  to  be  equal  to  the  combined 
diameters  of  the  three  coins,  then  measuring  the  distance. 
It  is  found  almost  without  exception  that  the  operator  fails 
to  move  the  coin  far  enough  by  its  own  diameter,  or  more. 
This  simple  experiment  when  shown  in  the  lantern  is  much 
more  effective  than  when  viewed  directly.  To  adapt  it  t«> 
lantern  use,  a  spring  slide  holder  like  that  shown  in  Fig.  56 
is  fitteil  ti)  the  lantern  front,  and  beneath  the  springs  are 
place(.i  two  plates  of  thin  glass.  Upon  the  inner  glass  near 
the  upper  part  of  its  exjiosed  surface  are  cemented  two 
(ii>ks  «)l  paper  tive-sixteenths  inch  in  diameter  and  separated 
a  distance  equal  to  the  diameter  of  one  of  the  disks.  On  the 
inner  Miriace  (it  the  second  glass  plate  is  cemented  a 
tiiiiii  disk  like  the  other  two.  This  is  attached  to  the  plate 
near  it>  I  uer  edge,  and  the  plate  is  arranged  so  as  to  bring 
the  tiiiee  di>ks  in  line,  as  shown  in  Fig.  56. 

liy   an  anting  the   three  disks  in  a  row  and  projecting 
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them  on  the  screen  and  taking  the  distance  across  the  three^ 
at  the  screen,  with  a  pair  of  large  di\4ders,  the  experiment 
is  made  ready*  Now  the  central  disk  is  moved  down  in  the 
lantern  (as  in  Fig*  57),  and  of  course  the  image  moves  up- 
wardly on  the  screen.  Let  any  spectator  say  when  the^ 
distance  between  the  moving  disk  and  either  of  the  others 
is  equal  to  the  distance  taken  by   the  dividers,  then  apply 

Fig.  56, 


R 


C>pticml  Exp^rimetii  wuh  Three  Disks, 

the  dividers.  It  will  be  found  that  the  best  eye  will  be 
greatly  deceived.  It  is  not  uncommon  to  find  the  best  eye 
measurements  wrong  by  a  foot  or  more. 

The  probable  explanation  of  this  great  error  in  eye 
measurement  is  that  nearly  every  one  has  perhaps  almost 
unconsciously  the  exj)ectation  of  seeing  the  disks  arranged 
on  the  apexes  of  an  equilateral  triangle,  so  that  what  he 
does  see  in  reality  is  a  distance  exactly  three  times  as  great 
as  is  required  to  fulfill  his  expectations. 

In  Fig,  58  is  illustrated  apparatus  for  exhibiting  in  a  lan- 
tern Professor  Thompson's  curious  illusion  of  the  concentric 
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cular  hole  through  which  projects  an  eccentric  mounted 
on  a  stud  projecting  from  the  support.  By  turning  the 
eccentric  by  means  of  the  attached  handle,  the  slide  is 
swung  around  in  a  circular  path  and  the  desired  effect  is 
produced  on  the  screen. 

The  peculiar  whirling  effect  is  due  partly  to  irradiation 
and  partly  to  persistence  of  vision. 

AN    ARTIFICIAL   SPECTRUM. 

That  the  different  colors  of  the  spectrum  maybe  reunited 

so  as  to  produce  white  light  has  licen  known  for  along  time, 
but  the  method  of  obtaining  all  the  colors  of  the  spectrum 
without  the  use  of  any  other  optical  apparatus  than  the  eye 
itself  and  its  faculty  of  accommodation  is  recent  and  not  so 
well  known,  and  is  worthy  of  notice. 

According  to  Engimering,  it  was  Mr.  Charles  E,  Benhara, 
of  Colchester,  England,  w^ho  was  the  first  to  obtain  the  arti- 
ficial  spectrum,  of  which  physicists  have,  for  the  last  five 
months,  sought  with  more  or  less  success  a  satisfactory  ex- 
planation. Snch  explanation  seems  to  have  been  quite 
recently  furnished  by  Mr.  Macfarlane  Gray. 

The  artificial  spectrum  is  obtained  by  means  of  a  very 
simple  device,  a  teetotum,  a  top,  or  any  arrangement  capable 
of  communicating  a  rotary  motion,  around  an  axis  at  right 
angles  unth  ils  plane^  to  a  disk  of  white  cardboard  i  or 
2  inches  in  diameter  upon  which  fractions  of  concentric 
circumferences  have  been  drawn  in  black,  one  of  the  halves 
of  the  disk  being  completely  black,  as  shown  in  Fig,  59.  As 
we  show  in  Fig.  59,  this  disk  may  also  be  mounted  upon 
Newton's  classical  apparatus  and  the  experiment  be  per- 
formed  in  a  continuous  manner.  Upon  giving  the  disk  a 
rotary  motion  whose  angular  velocity  depends  upon  the  age, 
visual  acuteness.  and  especially  the  faculty  of  accommoda- 
tion of  the  observer,  it  w^ilt  appear  to  be  covered  with  cir- 
cumferences or  fractions  ot  concentric  circumferences  as- 
suming all  the  colors  of  the  rainbow,  very  faint,  but  some- 
times  appearing  with  a  richness  of  tone  that  depends  btJth 
upon  the  illumination  of  the  disk  and  the  spectral  richness 
of  the  light  that  it  receives. 
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Mr.  Macfarlane  Gray  explains  the  phenomenon  as  follows : 
Let  L  (Fig.  59)  be  the  lens  formed  by  the  eye,  the  straight 
lines  representing  to  an  exaggerated  degree  (in  order  to 
facilitate  the  explanation)  rays  of  diflFerent  refrangibility. 
Let  us  suppose  that  the  violet  rays  have  their  focus  at  V, 
and  the  red  ones  at  R,  and  let  us  place  the  screen,  E,  at  a 
constant  distance  from  the  lens.     In  order  to  obtain  a  sharp 


V  B 


MMi^mf:. 


Artifidal  Spectrain. 

I.     Disk  for  obtainirsd  the  artificial  spectTum,  with  expUi:atoiy  diagram, 

3,     Method  of  performiof^  the  experiment. 

image  of  a  violet  colored  object  upon  a  black  ground,  it  is 
necessary  to  diminish  the  convexity  of  the  lens,  to  flatten  it, 
so  to  speak,  in  order  to  bring  to  E  the  intersection  of  the 
violet  rays  occurring  at  V.  Conversel)%  for  the  red  rays 
the  convexity  of  the  lens  must  be  increased  in  order  to  briog 
to  E  the  red  ravs  that  cross  each  other  at  R. 
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White  light  may  be  divided  into  two  groups  of  rays  occu- 
pying the  extremities  of  the  visible  spectrum,  the  red  and 
the  violet,  and  supposing  their  rcfrangibility  to  be  uniform, 
they  will  intersect  each  other  respectively  at  the  foci,  R  and 
V.  The  red  and  violet  alone  do  not  give  white,  but  a  com- 
binatiun  of  their  respective  groups  does,  and  this  suffices  for 
the  validity  of  the  subsequent  reasoning. 

If  the  reader  will  please  imagine  that  these  rays  are  red 
and  violet  transparent  screens  producing  white  by  their 
superposition,  he  will  see  that  the  screen  will  appear  white 
at  B,  in  the  center  of  the  lozenge  formed  by  the  rays.  He 
will  thus  see  that  white  light  has  not  a  definite  focus  like  red 
and  violet.  The  image  of  a  white  object  upon  a  black 
ground  will  always  extend  beyond  its  real  geometrical  image 
to  a  degree  equal  to  half  the  height  of  the  lozenge  at  B.  A 
white  point  upon  a  black  ground  will  therefore  occupy  a 
wider  surface  upon  the  screen  than  a  black  point  would 
occupy  upon  a  white  ground.  This  is  the  well  known  phe- 
nomenon  of  irradiation.  When  the  violet  is  focused  upon 
the  screen,  the  violet  objects  are  sharply  defined  without 
any  marginal  extension,  but  if  at  this  instant  a  white  puiut 
be  substituted  therefor,  it  will  appear  violet  at  the  center 
and  as  if  surrounded  by  a  red  aureola.  In  Fig.  59  the  sur- 
faces marked  r  are  the  red  marginal  rays  and  those  marked 
V  are  the  violet  ones.  The  central  lozenge  intersected  by 
the  two  groups  is  marked  d.  Here  tnc  light  is  white,  and 
pure  white  at  the  center  of  the  section.  The  network  of 
lines  may  be  assimilated  to  the  well  known  toy  soldiers 
mounted  upon  jointed  strips  of  wood,  but  here  the  maneu- 
vering is  effected  by  a  peculiar  physiological  action  known 
as  the  faculty  of  accommodation.  It  is  this  faculty  that 
alters  the  convexity  of  the  lens  for  producing  upon  the 
screen  an  image  as  perfect  as  the  imperfect  lens  at  its  dis- 
posal permits. 

When  the  top  spins,  the  accommodation  is  effected  suc- 
cessively for  the  light  and  the  black.  After  the  black  has 
been  before  the  eye  for  a  time,  and  this  time  is  about  a  tenth 
of  a  second,  seeing  the  rapidity  of  action  of  the  accommoda- 
tion, the  joint  of  the  network  will  be  at  E,  the  focus  of  the 


246 


EXPERIMENTAL  SCIENCE — APPENDIX. 


black.  As  the  disk  revolves  in  a  direction  contrary  to  that 
of  the  hands  of  a  watch,  the  most  peripheric  white  circular 
arcs  will  form  their  imag^e  with  red  margins  rcstinjj  upon  the 
biack  Hoes  and  making  them  appear  red.     The  accommoda- 


Fir,,  60. 


tion  acts,  but  with  so  much  rapidity  and  energy  that  it  ex 
ceeds  the  mark.  After  a  mtation  of  45'.  new  white  lines 
appear  w  ith  yellow  margins  covering  the  black  lines  and 
making-  them  appear  yellow.  After  a  new  rotaticm  of  45'. 
the  margins  are  greenish  and  the  black  lines  appear  green. 
After  a  rotation  of  45  ,  the  margins  arc  blue  or  violet  and 
the  black  lines  blue.  The  various  colorations  appearing' 
upon  the  disk  arc  due,  as  a  last  analysis,  to  theslownessor  the 
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haste  of  the  accommodation  in  its  cntkavor  to  put  the  eye 
in  focus  at  every  instant.  It  is  a  scmi-objcctive  phenom- 
enon. When  the  velocity  of  rotation  of  the  disk  is  adapted 
to  a  given  eye  and  synchronous  with  the  speed   of  accom. 

Flo.  61. 


^^^niodation.  the  ciilors  are  well  defined,  but  they  become 
l^r  confused  if  the  top  spins  too  swiftly*  the  focusing  not  being 
effected  quicklv  enough.  The  colors  which  disappear  for 
a  fatigued  eye  are  stiil  brilliant  for  a  younger  eye,  of  which 
^^  the  accommodation  is  better.  The  apparatus,  then,  might, 
^1  in  a  certain  measure,  let  us  remark  by  the  way,  play  the  role 
^^  of  an  **accommodometer  "  by  niountit  g  the  disk  upon  a 
proper  sort   of   tachometer,  the  faculty  of  accommodation 
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being  connected  with  the  appearance  of  thecoIors»  and,  con- 
sequently, with  the  angular  velocity  ot  the  disk. 

rhe  distribution  of  the  colors  evidently  changes  with  the 
direction  of  rotation  of  the  disk,  and  the  exterior  edges  of 
the  lines  are  fringed  as  were  the  interior  edges  in  the  oppo* 
site  direction  o(  rotation.  Between  the  black  masses  and 
the  white  lines  the  margins  of  the  white  lines  are  red.  Be- 
tween the  white  masses  and  the  white  lines  the  margins  of 
the  latter  are  violet. 

We  take  the  foregoing  from  La  Nature,  and  subjoin  two 
modified  forms  for  the  surface  of  the  top,  given  by  Mn 
Charles  E*  Wolff,  a  correspondent  of  Engineering,  who  says^ 
in  a  recent  number  of  that  publication : 

When  the  top  first  appeared,  1  made  an  obvious  modifica- 
tion (shown  in  Fig.  60)  to  try  and  obtain  a  more  continuous 
spectrum.  This  was  quite  successful,  as  might  be  expected. 
The  next  step  was  to  fill  up  the  white  lines*  producing  a  con- 
tinuous spiral  band  of  black,  as  shown  in  Fig,  61,  which 
gives  a  continuous  spectrum. 

Now,  if  we  suppose  the  colors  to  be  produced  by  a  sort 
of  chromatic  irradiation  of  the  white  lines  over  the  black, 
this  latter  form  should  have  been  a  failure,  which  is  not  the 
case. 

Instead  of  a  top,  any  one  may  try  this  experiment  by 
making  diagrams  like  the  above  on  cardboard  and  using  a 
central  pin  to  spin  the  same  Uke  a  top. 

The  effects  in  question  may  be  shown  upon  a  screen  to 
a  large  audience.  The  markings  are  painted  on  a  disk  of 
glass,  placed  in  a  projecting  lantern,  and  revolved  by  a  niulti- 
f)lying  wheel.  A  great  variety  of  effects  are  producible  in 
this  way  by  interposing  colored  glasses  in  the  path  of  the 
beam  of  light.  Thus»  with  a  green  glass,  and  in  diffused  gas- 
light, the  dark  marks  appear  mauve  colored  when  suddenlv 
stopped  after  rapid  rotation,  or  when  very  slowly  rotated, 
but  become  of  a  dark  blue  when  the  gas  is  turned  off.  On 
rotating  the  disk  in  the  usual  way,  the  lines  upon  it  appear  to 
be  blue,  green  and  violet.  With  a  blue  glass  in  gaslight,  the 
markings  on  the  disk  appear  to  be  yellow  when  suddenlv  stop- 
ped, but  a  fine  purple  witliout  diffused   light.     The  colors 
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given  by  the  lines  at  a  moderate  rate  of  speed  are  red,  gra)% 
green  and  blue.  With  a  monochromatic  red  glass,  the  lines 
appear  to  be  blue>  gray,  red  and  dark  red.  The  appearance 
of  blue  by  red  light  is  remarkable.  Mr,  Ben  ham,  the  in- 
ventor of  the  top,  thinks  that  the  phenomena  of  color  pre* 
sented  by  it  have  nothing  to  do  with  the  wave  theory  of  light, 
but  are  purely  subjective.  It  has  been  suggested  that  they 
are  due  to  visual  fatigue  on  the  part  of  the  observer. 
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The  projection  of  opaque  or  solid  objects  by  means  of 
the  optical  lantern  affords  a  way  ol  showing  upon  the 
screen  a  large  variety  of  objects  in  their  natural  colors,  and 
greatly  magnified.  The  form  of  lantern  best  adapted  to  this 
purpose  is  the  simplest  imaginable. 

The  works  on  optical  projection  briefly  describe  differ- 
ent forms  of  apparatus  for  this  purpose,  ProL  A.  E.  DoU 
bear  in  his  book  describes  a  megascope,  consisting  of  a  plain 
box,  with  a  large  lens  in  front  and  an  oxyhydrogen  light 
within.  Mr.  Lewis  Wright,  in  his  new  work  on  **  Optical 
Projection,"  shows  two  or  three  forms  o(  megascope ;  but 
notwithstanding  all  this  the  idea  is  current  that  opaque  pro 
jection  is  difficult,  and  several  persons  known  to  the  writer 
are  so  thoroughly  convinced  of  the  magnitude  of  the  under- 
taking that  they  do  not  make  the  attempt  to  project  in  this 
way. 

In  describing  a  few  ways  of  opaque  projection,  two  or 
three  points  are  noticed  in  the  beginning.  First,  all  the 
light  attainable  is  required  ;  second,  all  kinds  of  work  can- 
not be  done  with  one  and  the  same  instrument ;  and  third, 
to  secure  the  best  effects,  suitable  shado^vs  are  as  necessary 
as  strong  lights.  It  is  useless  to  attempt  projection  on  a 
large  scale  with  a  source  of  illumination  inferior  to  the  cal- 
cium light.  Fiir  large  objects  and  a  large  screen,  tw^o  large 
burners  are  essential,  and  the  use  of  three  insures  a  much 
better  effect. 

The  length  of  the  box  inclosing  the  object  and  the  burn- 
ers is  determined  by  the  focal  length  of  the  object  glass.  In 
the  instrument  illustrated   the  lens  has  a  focal  length  of  24 
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light  and  modifies  the  shadows.  It  tiie  apertures  of  the 
burners  are  the  same,  they  ma}'  all  be  supplied  with  gas 
from  a  single  pair  of  cylinders,  by  using  branch  pipes.  The 
burners  should  be  pushed  as  near  the  object  as  possible, 
without  bringing  them  into  the  field  of  the  objective. 

In  the  present  case  the  objective  consists  of  a  6  inch 
double  convex  lens,  but  a  7  or  8  inch  would  be  better.  The 
lens  is  mounted  in  a  soft  wood  ring,  and  suspended  over  a 
circular  aperture  in  the  front  ol  the  box. 

For  the  sake  of  convenience,  the  box  is  made  to  fold»  so 
as  to  occupy  a  space  of  1 8  by  2S  inches,  by  3  inches  thick, 
when  not  in  use.     Fig.  64  shows  the   construction  clearly. 

Fig.  63. 


Megascope  Box,  Showing  Position  of  Burners, 

The  top,/,  is  like  an  ordinary  box  cover,  with  the  exception 
of  the  central  draught  hole  surrounded  by  a  coUan 

-  To  the  bottom,  £■,  are  hinged  the  end,  /r,  sides,  ij\  and 
the  front,  i\  The  cap,  i/u  is  supported  over  the  opening  in 
the  center  of  the  cover,  y,  by  the  wood  screw^s  inserted  in 
the  comers.  The  lens,  w,  is  arranged  to  hang  over  the  large 
opening  m  the  end  piece.  i\  In  this  end  piece  there  is  a 
smaller  opening  for  the  insertion  of  the  gas  tubes.  The  side 
piece,  /,  is  discontinued  near  the  back  end  of  the  box,  to 
provide  an  opening  for  the  insertion  and  removal  of  objects. 
This  opening  is  covered  with  a  black  curtain,  w^hich  fallr. 
over  the  arm,  and  prevents  the  escape  of  light.  Upon  the 
inner  surface  of  the  back  end  of  the  box  is  secured  a  piece 
of  white  cardboard  for  a  background. 
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Another  way  of  accomplishing  the  same  result  without 
the  use  of  a  box  is  illustrated  in  Fig.  65,  In  this  case  one 
room  serves  as  a  megascope  box  and  another  as  the  room 
in  which  to  place  the  screen.  The  same  general  arrange- 
ment as  that  already  described  is  observed.  In  this  case  the 
lens  is  secured  over  the  space  between  two  sliding  doors, 
and  ail  escapee  of  light  is  prevented,  excepting,  of  course, 
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that  which  passes  through  the  lens.  The  screen  is  made  of 
translucent  tracing  paper.  The  lens  may  be  such  as  is  used 
for  the  examination  of  paintings  or  photographs,  but  the 
kind  known  as  cosmorama  lenses,  sold  by  the  principal 
opticians,  are  preferable,  on  account  of  being  about  the  right 
focus.  They  are  not  expensive,  and  may  be  obtained  of  a 
diameter  of  six  or  seven  inches.  Two  or  three  calcium 
lights  are  used.  The  objects  may  be  held  in  front  of  a  white 
or  tinted  background,  or  the  background  may  be  omitted. 
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settings,  a  watch  movement,  or  a  fine  piece  of  machinery  or 
apparatus,  the  arrangement  shoAvn  in  Fig.  66  is  effective.  A 
plan  view  of  the  apparatus  is  here  shown.  The  objective  of 
the  lantern  is  removed  and  supported  at  an  angle  with  the 
optical  axis  as  indicated.  The  lime  is  pushed  lurward  so  as 
to  cause  the  divergent  cone  of  light  to  cover  the  object^  d^ 
as  shown.  The  light  reflected  from  the  object,  d^  passes 
through  the  objective  to  the  screen. 

The  wire  frame,  i%  secured  to  the  front  of  the  lantern  and 
held  by  the  standard,/,  is  designed  to  support  a  thick  black 
cloth  for  shutting  in  all  light  excepting  that  passing  through 

Fig.  68. 
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m  PI  in  of  Wonder  Camera. 

rhe  objective.  Apparatus  similar  to  this  in  principle  is  sold 
by  some  of  the  dealers  in  lanterns. 

The  wonder  camera,  shown  in  Fig,  67,  is  an  instrument 
having  a  marvelous  amount  of  power,  considering  the  source 
of  light,  which  is  simply  a  single  Argand  kerosene  burner. 

The  lamp  flame  is  in  one  focus  of  the  ellipsoidal  reflector 
and  the  picture  or  object  to  be  shown  is  placed  at  the  other 
focus»  on  the  swinging  adjustable  holder.  Opposite  the 
holder  in  a  perforation  in  the  reflector  is  placed  the  object- 
ive, by  which  the  image  is  prcjjected  on  a  screen  three  or 
four  feet  distant.  The  small  plan  view  shows  the  shape  of 
the  mirror  and  the  course  of  the  light.  The  linings  of  the 
oox  around  the  lamp  and  focus  of  the  reflector  are  removed 
m  the  picture  to  show  the  interi»)r.  These  liningsare  made 
of  asbestos,  to  withstand  the  heat.  This  instrument  will  pro- 
iect  coins,  shells,  fltnvcrs,  pictures,  etc.,  very  satisfactorily. 


256  EXPKKIMKNTAL   SCIENCE — APPENDIX 

A    SIMPLE   (JENEKATOK    FOR   ACETYLENE   GAS. 

Hvcry  user  of  the  projecting  lantern  has  time  and  again 
felt  the  need  of  a  practical  illuminant  which  could  be  used 
whenever  required  without  trouble  or  expense.  A  kerosene 
lamp  in  its  best  form  is  only  an  aggravation.  The  incandes- 
cent gas  burner  is  little  better.  The  calcium  light  seems  to 
be  m(;re  generally  useful  than  any  other,  excepting,  of  course, 
the  light  of  the  arc  lamp,  but  a  current  suitable  for  an  arc 
lamp  is  not  always  available. 

Acetylene  gas  is  convenient,  inexpensive,  and  when  used 
with  ordinary  precaution,  is  safe.  Although  it  is  inferior  to 
the  calcium  light  in  illuminating  power,  it  is  vastly  superior 
to  either  kerosene  or  coal  gas.  A^  foot  burner  gives  a  light 
of  24  candle  power.  As  gas  flame  is  transparent,  three  or 
four  burners  can  be  arranged  in  a  row,  one  behind  the  other, 
as  shown  in  the  engraving.  The  recent  burner  is  a  great 
itnprovement  over  those  tormerly  used  for  this  gas. 

The  engravings  represent  a  very  simple  and  inexpensive 
wet  generator  designed  for  furnishing  three  ^  foot  burners 
with  gas  for  i^  to  2  hours,  or  the  average  duration  of  a 
lantern  exhibition,  or  three  1  foot  burners  for  one-half  the 
time. 

The  generator  is  a  modification  of  the  Dobereiner  lamp. 
In  a  14-quart  galvanized  iron  pail  is  placed  a  hollow  gal- 
vanized iron  cylinder,  6  inches  in  diameter  and  8  inches  high, 
with  the  lower  end  notched  ft>r  the  free  passage  of  water, as 
shown  in  the  sectional  view,  several  of  the  points  being  sol- 
dered to  the  pail  bottom,  so  that  the  cylinder  is  concentric 
with  the  sides  of  the  pail.  In  this  hollow  cylinderis  secured 
a  conical  sieve  of  coarse  galvanized  iron  wire  cloth  or  net- 
ting, the  periphery  of  the  sieve  being  i^  inches  from  the  top 
of  the  cylinder,  the  apex  of  the  cone  being  2^  inches  from 
the  top.  To  the  fixed  hollow  cylinder  is  loosely  fitted  a  deep 
cover,  which  is  pri)vided  with  an  airtight  top,  having  a  tube 
inserted  in  the  center  thereof,  which  is  iV  of  an  inch  outside 
diameter,  to  receive  the  rubber  tube.  The  lower  end  of  the 
c'v)vcr  reaches  to  a  pt)int  just  above  the  edges  of  the  fixed 
r\liiulei.  and    in   the  cover   is  formed  a  bayonet  slot  which 


EXKJif)fE5iTAL  sciorcc— ArreamoL 


a  rivet  soldered  to  the  fixed  cjrfinder  men 
To  dfjatid  cool  the  gas»  a  bborer^s  coi 

into  fenrice.  Two  holes  are  punched  i 
ajKl  in  these  holes  are  inserted  and  soldered  two  A  i< 
<liaiiieter)  tubes,  one  just  enterii^  the  tc^  the  other 
nearlj  to  the  bottom.  The  longer  tube  is  ooonected  i 
ibe  central  tube  of  the  cover  br  a  flexible  pipe.  From 
shorter  tube  a  robber  pipe  extends  to  the  boraer.    A  m 
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Vertical  Section  of  Acetfleoe  Gas  Generator, 


plate  is  attached  to  the  cover  o{  the  generator  beneath  the 
central  tube,  leaving  a  5^  inch  space  for  the  escape  of  gas. 
This  plate  is  designed  to  prevent  the  expanding  mass  o( 
calcium  carbide  from  entering  the  tube  and  stopping  the  flow 
of  gas* 

A  pinch  cock  should  be  placed  on  the  short  pipe  leading 
fn)m  the  generator  to  the  cooler  (coffee  can)  and  another  in 
the  pipe  leading  from  the  cooler  to  the  burner. 

To  charge  the  generator,   the  apparatus   being  drj,  a 
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pound  or  less  of  calcium  carbide  is  placed  in  the  conical  bas- 
ket, the  deep  cover  is  put  in  place  and  fastened  by  means  of 
the  bayonet  joint  as  described.  The  cooler  is  connected 
with  the  generator  cover  by  the  rubber  tube,  as  shown,  and 
the  pinch  cock  is  closed  ;  then  the  pail  is  filled  with  water 
up  to  within  i  inch  of  the  top. 

The  generator  is  now  ready  for  use.  The  water  is  pre- 
vented from  touching  the  carbide  by  the  air  contained  by 
the  generator.  The  cooler  and  burner  are  connected  by 
the  rubber  tube. 

When  it  is  desired  to  use  the  gas,  the  pinch  cocks  are 
opened,  the  pressure  of  the  water  expels  the  air,  and  when 
the  water  touches  the  carbide,  gas  is  immediately  produced. 
If  it  forms  faster  than  it  can  escape  through  the  burner,  the 
water  is  pushed  down  inside  the  cylinder,  rising  in  the  pail 
outside  of  the  cylinder.  A  small  quantity  of  water  is  retained 
on  the  top  of  the  cover  by  the  rim  surrounding  it. 

As  soon  as  the  air  is  expelled  and  the  gas  begins  to  flow, 
a  match  may  be  applied  to  the  burners  and  the  apparatus 
will  take  care  of  itself,  giving  a  brilliant  light  until  the  car- 
bide is  exhausted. 

Care  should  be  taken  to  not  light  the  gas  at  any  open 
pipe  or  openmg  other  than  the  burner  orifices.  It  is  stated 
that  these  orifices  are  so  small  that  even  an  explosive  mix- 
ture in  the  generator  would  not  be  set  off;  but  it  is  better  to 
be  on  the  safe  side.  Place  a  small  test  tube  over  one  of  the 
jets  of  the  burner  for  a  moment ;  then  remove  it  and  apply 
a  match.  If  it  burns  quietly,  the  burner  may  be  lit  with 
safety ;  if  it  snaps,  the  test  should  be  repeated  until  there  is 
no  explosion  in  the  tube  when  the  match  is  applied. 

Alter  the  carbide  is  exhausted,  the  residue,  which  is 
nothing  but  slaked  lime,  may  be  washed  out  of  the  appa- 
ratus. 

This  generator  was  designed  simply  for  one  or  two  hours* 
use  with  the  lantern  ;  but  of  course  it  can  be  used  for  other 
purposes  and  with  three  or  four  single  separated  burners, 
it  is  hardly  adapted  for  purposes  requiring  gas  for  intermit- 
tent use,  as  the  generation  goes  on  in  a  small  way  after  the 
water  is  withdrawn  from  the  carbide. 
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METALU3-CHROMES. 

The  production  of  Nobili*s  rings  is  a  venr  simple  and 
pleasing  electro-chemical  experiment  which  may  be  readily 
tried  by  any  one  having  one  or  two  battery  cells,  or  a  small 
dynamo  or  magneto  electric  machine,  and  figures  of  various 
Idnds  may  be  produced  by  the  same  process  in  brilliant 
colors. 

To  produce  the  rings^  all  that  is  required  is  a  Btmsea  or 
Grenet  battery  in  good  order,  a  strong  solotioa  of  ace> 
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Hon,  washed  in  clean  water  and  dried.  The  beautiful  color 
effect  is  due  to  the  decomposition  of  the  light  by  the  ex- 
ceedingly thin  film  of  peroxide  of  lead  deposited  on  the 
surface  of  the  plate.  It  is  quite  permanent  and  serves  to 
protect  the  surface  of  the  plate  from  oxidation. 

To  secure  the  best  results,  the  plate  should  be  hignly 
polished  and  the  lead  solution  should  be  filtered* 

By  providing  anodes  of  different  forms,  various  orna- 
mental figures  may  be  produced  on  the  surface  of  the 
plate.     For  example,  a  wire  bent  into  the  form  ol  a  letter  or 

Fig.  72. 


Mctano-Cbroraes  and  Anodes, 

figure  of  any  form  may  be  used  as  an  anode  for  producing 
a  figure  of  the  same  general  form  on  the  plate.  As  it  is 
sometimes  difficult  to  hold  the  anode  in  the  proper  position, 
ordinary  insulated  wire  (magnet  wire)  may  be  used.  This 
permits  of  placing  the  anode  down  upon  the  plate,  the  insu- 
lation serving  to  prevent  direct  electrical  contact. 

Very  beautiful  effects  may  be  secured  b}"  cutting  an 
anode  of  the  desired  shape  from  sheet  copper  and  bending 
parts  so  as  to  vary  their  distance  from  the  plate,  as  in  the 
case  of  the  cross.  Fig.  72.  The  result  is  that  the  film  is  de- 
posited in  beautifully  graduated  colors  at  the  extremities  of 
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the  figure,  the  arrangement  of  colors  bearing  some  resem* 
blance  to  those  of  a  peacock  feather. 

The  arrangement  of  the  colors  in  these  films  is  that  of 
the  sokir  spectrum.  Nobili's  rings  resemble  Xcwton's.  The 
colors  are  fully  as  intense  and  more  readily  seen. 

Nobili  discovered  this  phenomenon  in  1826.  Since  that 
time  many  modifications  of  the  process  have  been  devised^ 
and  some  commercial  applications  have  been  made.  It  has 
been  used  to  some  extent  in  the  ornamentation  of  small  ob- 
jects, such  as  buttons,  articles  of  jewelry,  etc,  imparting  to 
them  an  iridescence  which  cannot  be  imitated  by  any  arti- 
ficial coloring. 

Becquerel  suggested  a  solution  for  this  purpose,  the 
formula  of  which  is  as  follows :  '*  Dissolve  200  grammes  of 
caustic  potash  in  2  quarts  of  distilled  water,  add  13a 
grammes  of  lithai^,  boil  the  mixture  for  a  haU  hour,  and 
aUow  it  to  settle.  Then  pour  off  the  clear  liquor  and  dilute 
with  its  own  bulk  of  water." 

This  solution  is  adapted  to  other  metals  than  those  above 
mentioned,  but  the  acetate  of  lead  solution  yields  very  satis- 
factory results  and  is  sufficient  for  experimental  demonstra- 
tion. In  conducting  these  experiments  the  poisonous 
nature  of  the  solutions  should  be  borne  in  mind. 

IRHlESCEXT   GLASS. 

A  visitor  at  the  Metropolitan  Museum  of  Art  in  Xew  York 
cannot  fail  to  notice  in  his  tour  of  the  galleries  the  ejcquisite 
ancient  Cyprian  glassware,  with  its  gorgeous  iridescence 
surpassing  in  brilliancy  of  color  anything  ever  produced  bv 
artificial  means.  So  far  as  is  at  present  known,  this  effect  can 
be  produced  only  by  the  corrosive  action  of  the  air  and  mois- 
ture of  the  soil  in  which  these  objects  have  been  buried  for 
centuries. 

Glass  having  a  similar  appearance,  but  without  the  sa;ne 
brilliancy  o:  color,  has  been  found  elsewhere^  and  a  certain 
degree  of  iridesoence  has  been  imparted  to  glass  erf  modem 
manufacture  by  flashing  :i  during  the  annealbig  process  with 
stannous  chloride,  thus  depositing  on  the  glass  an  exccedxngiy 
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thin  film,  which  decomptises  the  light  and  thus  yields  a 
pleasing  color  effect.  Glassware  of  this  kind  is  beau tif til,  and 
was  at  one  time  much  in  demand,  but  at  present  it  can  hardly 
be  found  on  sale. 

Through  the  courtesy  of  General  L.  P.  Di  Cesnola,  di- 
rector of  the  Metropolitan  Museum  of  Art,  the  writer  has 
been  enabled  to  examine  specimens  of  ancient  Cyprian  glass 
secured  by  him  in  his  archaeological  explorations  in  Cyprus* 

A  microscopical  examination  of  this  glass  shows  that  the 
surface  is  covered  with  exceedingly  thin  transparent  films 
formed  by  matter  dissolved  from  the  glass.     The  body  of  the 

Pig.  73. 


Iridescent  Film— Magnified. 

glass  is  pitted  over  its  entire  surface  with  minute  cavities, 
which  are  circular  or  elliptical,  or  oblong  in  outline,  and 
either  spherical,  ellipsoidal,  or  cylindrical  in  respect  to  their 
concavity,  and  the  films  conform  to  the  pitted  surface  of  the 
glass.  These  films,  of  which  there  are  many  superposed,  are 
so  thin  as  to  float  in  air  like  down  when  detached.  They  de- 
compose the  light  by  interference  due  to  reflections  from  the 
front  and  rear  surfaces  of  the  film,  and  give  rise  to  the  gor- 
geous play  of  color  for  which  these  ancient  specimens  of  glass 
are  noted. 

The  appearance  of  the  film  from  this  glass  when  highly 
magnified  is  illustrated  in  Fig.  73.  The  color  effect  is,  of 
course,  wanting.     By  transmitted  light  the  color  is  comple- 
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mentary  to  that  shown  by  reflected  light.  Examined  by 
polarized  light,  the  color  is  heightened  still  more  with  all  the 
changes  that  may  be  brought  about  by  rotating  the  polarizer* 
analyzer,  or  the  object  itself.  The  figure  under  polarized 
light  without  the  color  is  shown  in  Fig.  74, 

If  the  effects  secured  by  long  ages  of  treatment  in  Nature's 
laboratory  could  be  produced  artificially  on  modem  glass  at 

Fig.  74. 
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a  reasonable  cost  it  would  seem  to  be  an  object  well  worth 
striving  for. 

BEAUTIFUL   PZXAMPLE  OF   DIFFRACTION, 

Diffraction,  as  is  well  known,  is  the  change  which  light 
undergoes  when  passiug  the  edge  of  a  body»  or  in  passing 
through  a  narrow  slit  or  aperture  in  an  opaque  body.  The 
rays  appear  to  become  bent  so  as  to  penetrate  into  the 
shadow  of  the  body.  A  common  example  of  this  phenotne- 
non  is  the  experiment  in  which  a  beam  of  light  is  made  to 
pass  across  the  edge  of  a  sharp  instrument,  a  razor  for  ex- 
ample. 

The  most  beautiful  example  of  diffraction  phenomena  is 
given  by  the  gratings  used  for  producing  the  spectrum.  As 
we  have  at  present  nothing  to  d<j  with  the  purely  scientific 
application  of  this  phenomenon,  we  confine  ourselves  to  a 
single  example,  as  shown  in  the  mineral  commonly  known 


BEAUTIFUL   EXAMPLE    OF   DIFFRACTION. 

as  star  mica  (phlogopite).  A  thio  plate  of  this  mineral 
placed  opposite  a  point  of  light,  such  as  a  candle  flame  or  a 
small  gas  flame,  exhibits  six  radial  bands  of  light  emanating 

Fig.  75. 


Star  Mica. 


from  a  point  opposite  the  flame»  and  arranged  symmetri- 
cally at  the  angle  of  60  deg.  These  bands  rotate  with  the 
plate  when  it  is  turned    in   its   own  f^^,^  y^ 

plane ;  often  more  than  six  such  bands 
are  shown,  but  the  number  is  always 
a  multiple  of  six. 

In  Fig.  j^  is  shown  a  star-like 
figure  produced  in  the  manner  de- 
scribed, which  is  really  composed 
of  two  like  figures  each  having  six 
radial  bands,  one  figure  being  much 
stronger  than  the  other.  Microscopic  examination  of  the 
plate  shows  a  multitude  of  minute,  needle-like  crystals.  The 
light  passing  over  the  edges  of  these  crystals  is  diffracted  or 
bent,  so  that  the  rays  which  reach  the  outer  eage  of  the 


Lines  Showmpr  the  Ar- 
rangement of  Cry  stalls 
Producing  Six  Radial 
Bands. 
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plate,  as  well  as  those  passing  through  the  central  portions, 

arc  bent  inward  in  their  passage,  so  that  they  meet  in  the 
eye  and  produce  the  phenomenon  described.  It  has  been 
ascertained  that  these  minute  crystals  are  **  hemimorphic 
crystals  of  rutile  elongated  in  the  direction  of  the  vertical 
axis.**  This  phenomenon  was  noticed  by  G.  Rose  as  early 
as  1862,  but  the  nature  of  the  crystals  was  ascertained  by 
Lacroix. 

The  diffraction  phenomenon  shown  by  the  star  mica  may 

Fia  77 


Glass  bcra^iched  in  Two  ULrecuons*     Angle  ol  90*, 


be  produced  artificially  by  forming  minute  scratches  in  the 
surface  of  glass;  the  diffraction  bands  are,  of  course^  at 
right  angles  to  the  lines  or  scratches  by  which  they  are 
formed  ;  therefore,  if  the  plate  is  scratched  in  one  direction, 
one  band  will  be  produced  reaching  across  the  plate  at 
right  angles  to  the  scratches;  if  scratched  m  two  directions, 
two  bands  will  be  produced,  as  shown  in  Fig.  *jj ;  and  Fig. 
78  represents  a  glass  plate  scratched  in  four  directions,  the 
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pandcd  air  absorbs  a  large  amount  of  heat  from  the  air  still 
under  compression  in  the  inner  tube*  The  contents  of  the 
inner  tube  are  thus  cooled.  In  this  wav  the  air  is  brought 
below  the  temperature  of  liquefaction  and  its  pressure  is  very 
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Tripler's  Urigmal  Apparatus— Used  in  tSga 

much  reduced,  so  that,  upon  opening  the  valve  at  the  bottom 
oi  the  apparatus,  a  stream  ol  liquid  air  is  received,  flowing 
out  with  scarcely  more  force  than  the  water  from  our  ordi- 
narv  city  service  pipes.  Thus  the  liquefaction  of  the  air  is 
accomplished  bv  the  •*  self-intensification  of  cold  '*  produced 
by  the  expansion  of  a  portion  of  the  compressed  and  cooled 
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\'i()us  to  thai  time,  as  Mr.  Tripier  states,  his  application  for 
an  En^hsli  patent  was  on  tile  in  the  Enpiish   Patent  Ofiice. 

Our  cut  of  thisoripnal  apparatus  shows  the  tube  throupr'i 
w  iucli  the  air  under  compression  flowed  into  the  spiral  coil. 
Ilaviii^  traversed  this  coil,  it  rose  throupfh  a  tube  (nor  seen 
in  tilt  middle  o!  the  coii  and  passed  the  valve  shown  at  tht- 
io]j.  Tilt-  whok  was  surrounded  hv  a  o^iass  tube  open  at 
tiie  botloni.  1J\  tiK  ex])ansion  ol  the  escapinjr  air  the  coil 
and  the  iinier  tuln  wert  s(»  cooled  that  liquid  air  rrickieci 
di»\\ii  the  pipes  and  (trop])ec!  (mt  at  the  bottom  ot  the  tube. 

As  last  as  tht  licuiici  air  is  drawn  irom  thi  liqueher  i:  i> 
placed  in  tin  cans.  pacRec'  in  leh.  in  whicli  ii  can  be  kcpi  ni^ 
a  ver\  imi*:  time.  Cans  iiave  Deen  sent  asiarasLvni.  Mass.. 
Hi  uut  direction,  ant:  \\'asnnip"r()L,  I  >  C.  in  tht  othe:,  am: 
tiie  conients  were  noi  seri()nsi\  dmnnisiied  m  evan(^raTi(^i: 
ii'  transit.  Siicii  :.  jai  iioidnip  ^;  ^ralhms  W(mi(i  noi  wnoli^ 
esaporatt  in  less  tiiai    ^  K    i(   hours. 

f'roi.  Dewar  mventecia  double  walied  "lass  nuh^  \\\  wnici. 
lK!Uveen  tiit  walb  l:  nipi-  vacuum  is  formed  (Tii:  J^-  • 
ii  tins  tiu  ai:  \\\\\  last  nve  ti  sl^  times  as  ioii^  a>  in  an  i")rrii 
na"\  ])acKe(:  disi*. 

.An  exienciec!  tanu  o  tin.  nhvsicai  ccnistants  o:  th;  *'s«- 
caliec  '  permanem  pises  is  emixKiiec:  w  tni>  article  am.  wil: 
doubtless  interest  t)U'  reaciers.  A  pianct  at  this  wil!  snow 
tiiiii  tilt  noihnj:  ]»(mr  o  tut  air  is  ttit  lowest  temi)cratun 
tiius  lai  attainec:  a-  atmosuiieric  ]}ressure.  ()ni\  hvdruireti 
aiic  iieiium  havt  iowe"  Doilni*;  points,  and  neither  o:  tnesi 
lias  neen  iKpietiec:  ui-  i(  this  tnnt  in  a  iret  state,  tiia:  is,  a: 
atmospncK  pressure.  Tiit  samt  statement  can  bt  marlt 
witi:  re«rarc:  iv  air  noilin*:  in  i:  vacuum.  This  iias  the  lowest 
iem]K»raiun    vet  attained. 

'!'iit  possession  o:  a  iarp  quantitv  o!  a  liquid  at  si.  low  ;: 
leniptvaiurt  maKei-  i:  nossinit  u  ijeriorm  manv  experiments 
o  ;.  ^  e' ■^  sianhn*:  aiic:  nur'veious  character.  When  a  disntu 
o:  tilt  liiiuic.  ar  !.*>  dilutee:  iron:  tht  can.  it  iioit  si*  violent!" 
tna:  ci:-oi)h  o:  i:  art  pvv)iectec  ii  ciuite  a  distanct;.  Tlii>  cor« 
tmues  uir.i  tiit  disi  is  co;»iec  ti<  tut  tem^ttrratun  o:  tm 
Inline. .  wiitM:  11  tieeomes  ciinei.  sinimenn|r  ifentiy.  h:  this 
eoiiditun:  i:  is  iu'*l)ic.  ctmtainnq:  soiic:  ]}articles  at   carhonii. 
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acid  and  possibly  ice.  These  may  be  filtered  out  throiigh 
filler  paper*  and  the  liquid  is  seen  to  be  of  a  delicate  shade 
of  blue,  clear  as  water. 

Since  the  boiling  point  of  nitrogen  is  13^  C.  below  that 
of  oxygen^  it  follows  that,  in  the  first  boiling,  nitrogen  is  dis- 
tilled from  the  oxygen  as  alcohol  may  be  distilled  from  a 
mixture  of  alcohol  and  water  through  the  difference  between 
their  boiiing  points.  By  this  means  the  liquid  air  becomes 
^very  much  richer  in  oxygen.     The  liquid  air  would  at  first 
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contain  only  20  per  cent,  of  oxygen,  but  after  boiling  for  a 
while  the  proportion  of  oxygen  increases  to  75  per  cent.  If 
the  liquid  be  poured  upon  a  block  of  ice,  it  bounds  off  like 
water  from  a  hot  stove.  The  ice  at  the  freezing  point  is  544^ 
F,  hotter  than  the  liquid  air— a  distance  of  132"^  greater  than 
separates  boiling  water  from  ice. 

Fig*  82  shows  a  copper  tube  2  inches  in  diameter,  with 
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in  with  a  hammer,  it  is  driven  out  almost  immediately,  and 
with  such  violence  that  boards  overhead  are  indented  by  it. 
About  :qo  cubic  feet  ot  air  are  compressed  into  one  gallon 
of  the  liquid,  occupying  231  cubic  inches.  The  liquid  there- 
fore occupies  but  ^|g  of  the  space  filled  by  the  gas  at  first, 
and  on  returning  to  its  gaseous  form  at  atmospheric  pressure 
it  must  expand  to  748  times  its  volume.  The  enormous 
pressure  produced  in  this  transformation  is  thus  apparent. 
It  would  scarcely  seem  to  be  possible  to  construct  apparatus 
in  which  it  could  safely  be  stored  and  allowed  to  come  to 
atmospheric  temperatures. 

Fig.  82  shows  the  effect  produced  upon  iron  by  reducing 
its  temperature  to  that  of  liquid  ain  An  ordinary  tin  dipper 
placed  in  the  liquid  and  allowed  to  cool  till  boiling  ceases 
becomes  brittle  and  breaks  like  glass  upon  being  struck 
again'^H  a  table  or  thrown  upon  the  floor  Copper  and  pla* 
tinum.  on  the  other  hand,  remain  tough  at  the  lowest  tem- 
peratures. 

Fig.  82  shows  a  dish  of  liquid  air  in  which  a  rubber  ball  is 
floating.  It  will  be  noticed  that  the  vapor  flows  over  the  edge 
of  the  dish,  not  rising  in  a  cloud  from  it,  asdoes  steam,  since  it 
is  much  heavier  than  gaseous  air  at  ordinary  pressures.  This 
vapor  presents  the  appearance  of  a  cloud  o(  steam  and  would 
be  easily  mistaken  for  it.  The  chill  which  the  hand  receives 
on  being  exposed  to  it  would,  however,  quickly  convince 
one  of  the  difference.  When  the  rubber  bal!  has  been  cooled 
to  the  temperature  of  the  liquid^  it  becomes  exceedingly 
brittle,  and  on  being  thrown  against  a  wall  flies  into  many 
pieces.  A  very  curious  effect  produced  upon  a  billiard  ball 
or  other  article  of  ivory  by  cooling  it  to  the  temperature  of 
liquid  air  has  not  been  explained.  On  exposing  it  to  the  arc 
light  for  a  few  seconds  and  viewing  it  immediately  in  a  dark- 
ened  room»  it  shines  with  a  brilliant  green  phosphorescence. 

It  is  a  curious  experiment  (see  Fig.  83)  to  hold  a  tube 
in  which  is  liquid  air  in  a  glass  of  whisky,  which  in  a  few 
minutes  becomes  frozen  solid.  On  warming  the  outside  of 
the  glass  the  solid  whisky  may  be  removed,  and  we  have  a 
whisky  tumbler  composed  of  whisky  itself. 

A  jet  of  carbonic  acid  directed  into  a  dish  floating  in  a 
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glass  Oi  lk[uid  air  (see  Fig.  S3)  is  immediately  frozen  and  forms 
carbonic  acid  snow,  in  the  open  air,  which,  on  being  placed 
upon  a  table,  passes  into  the  gaseous  state  without  melting. 
A  jet  of  steam  directed  into  a  glass  of  the  liquid  air  causes  a 
violent  evaporation  of  the  air  and  condensation  of  thesteam» 
so  that  a  cloud  of  particles  rolls  away  from  the  dish,  but  in 
a  remarkably  short  time  round  hailstones  of  the  size  of  peas 
will  be  found  floating  quietly  in  the  liquid  air.  They  have 
cooled  from  -|-2i2°  to — 312''  Fah.  in  the  short  space  of  a  few 
seconds.  Consider  how  much  heat  they  have  given  up.  The 
heat  of  evaporation  of  water  is  967*^  Fah. ;  212''  more  to 
zero;  144"  given  o5  in  freezing,  and  312^  more  in  falling  to 
the  temperature  of  liquid  air;  1,636*^  is  the  grand  total. 
Eighty  degrees  per  second  would  be  a  moderate  estimate  of 
the  rate  of  loss.  More  remarkable  still  is  it  to  see  the  air  of 
a  room  condense  upon  the  sides  of  a  tube  in  which  liquid 
air  is  boiling  in  a  vacuum*  Fig.  84  shows  this  experiment* 
When  the  pressure  gage  registers  about  half  an  atmosphere^ 
the  liquid  air  is  seen  to  be  boiling  in  the  tube  with  violence. 
Ice  crystals  from  the  moisture  of  the  outside  air  coat  the 
exterior  of  the  tube  ;  but  trickling  down  through  these  crys- 
tals, and  falling  off  to  the  iloor,  are  the  drops  of  the  atmo- 
sphere of  the  room  condensed  directly  at  ordinary  pressure 
into  the  liquid  form.  They  disappear  almost  instantaneously 
in  a  cloud  of  vapor  upon  the  floor,  not  wetting  it  at  all— a 
most  singular  sight  to  see  a  liquid  which  does  not  wet  the 
surface  upon  which  it  strikes. 

A  most  striking  experiment  has  been  designed  by  Mr. 
Tripler,  as  were  many  of  the  experiments  which  have  been 
alrcadv  described,  to  show  the  tensile  strength  of  frozen 
mercury.  Fig.  S^  illustrates  this.  Into  a  paper  dish  is  poured 
a  quantity  of  mercury.  Into  the  ends  of  the  dish  have  been 
inserted  a  pair  of  heavy  screw  eyes.  If  this  dish  is  placed 
in  a  basin  of  liquid  air,  the  mercury  is  quickly  converted  into- 
a  solid,  since  its  freezing  point  is  relatively  high — 30  below 
jfcro.  Now  this,  suspended  in  the  manner  shown,  will  sup- 
port a  heavy  weight  for  a  long  time.  A  block  an  inch  square 
in  cross  section  will  not  melt  under  20  to  30  minutes.  Of 
course,  anything  else  could  be  done  with  the  frozen  njercury 
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which  might  be  done  with  any  other  similar  piece  of  metal: 
aS|  for  example,  it  might  be  used  to  drive  a  naiL 

Possibly  the  most  striking  experiment  is  this:  A  quantity 
of  liquid  air  is  poured  into  a  tea  kettle,  and  the  kettle  is  set 
over  a  hot  fire  of  coals ;  the  liquid  air  evaporates  and  shoots 
in  streams  from  the  spout  of  the  kettle  in  a  straight  column 
to  the  height  of  3  to  4  feet — a  sight  which  Watt  never 
dreamed  ol.  While  this  is  going  on,  if  a  glass  of  water  is 
poured  into  the  kettle,  it  will  be  found  to  be  frozen  in  a  very 
short  time ;  and  if  the  kettle  is  removed  from  the  fire,  its 
under  surface  is  found  to  be  covered  with  the  carbon  dioxide 
of  the  fire  frozen  solid  within  a  couple  of  inches  of  the  red- 
hot  coals. 

A  piece  of  sponge,  saturated  with  the  liquid  oxygen, 
when  touched  by  a  taper  from  a  safe  distance,  esrplodes  with 
violence  and  is  blown  into  fine  shreds  (see  Fig.  82 i 

A  most  beautiful  experiment  is  shown  in  Fig.  Bi^  in  whkdi 
a  newspaper  crumpled  into  a  roll  has  been  saturated  with 
liquid  2ur,  and  is  set  on  fire  at  one  end.  It  bums  with  vio- , 
lence,  but  not  so  rapidly  as  in  the  liquid  oxygen. 

An  electric  light  carbon  may  be  heated  to  a  red  heat  at 
its  tip,  and  then  plunged  vertically  into  a  deep  glass  of  liquid  \ 
oxygen,  as  in  Fig.  $$.    A  most  singular  combustioii  takes  J 
place.     The  heat  of  the  carbon  evaporates  the  oxygen  in  its ' 
immediate  vicinity,  and  the  carbon  bums  with  great  brii* 
liancy  and  violence,  forming  carbon  dioxide,  which  is  hi^elT 
frozen  in  the  liquid  air  before  it  reaches  the  surface  and  bOs ' 
back  to  the  bottom  of  the  dish,  so  that  the  combustion  is 
aMuntained  and  its  products  retained  within  the  disk. 

Fig,  82  sliows  the  mode  of  igniting  a  steel  p^  cr 
watdi  spring  in  the  liquid  oxygen.  It  is  only  necessair  to 
stidt  the  point  of  the  St  eel  into  a  match  and  light  it,  to  fnraidb^ 
sufficient  beat  to  communicate  the  fire  to  the  sled,  vIm» 
it  bums  with  the  same  brilliancy  as  in  the  oniii»iT  cspcii- 
nient. 

Fig,  S5  shows  a  Tery  brilliant  expcnmcnt.    A  laige  Sask^ 
to  or  11  imJies  in  diameter,  is  filled  to  the  neck  with  irater. 
Into  the  top  of  the  flask  liqut  J  air  is  poitred.    This  at  fast  j 
floats,  mucc  the  sfiecific  giavit t  oi  ttquid  aititii^en  is  crtl^  ;j 
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but  as  the  nitrogen  boils  away,  leaving  the  oxygen  behind, 
the  drops  of  oxygen  begin  to  sink  into  the  water,  since  its 
specific  gravity  is  rJ24.  As  these  drops  sink,  they  are 
partially  turned  into  vapor,  which  of  course  tends  to  rise 
through  the  waten  This  action  communicates  a  rapid  whirl- 
ing motion  to  the  oxygen,  and  drives  it  back  again.  This 
may  be  many  times  repeated,  giving  a  very  beautiful  ex- 
hibition,  since  the  drops  of  oxygen  may  be  as  large  as  an 
inch  in  diameter,  • 

The  magnetic  character  of  liquid  oxygen  can  be  exhibited 
on  a  large  scale  in  the  mannershowninFig.  82.  A  test  tube 
with  a  side  tube  is  filled  with  liquid  oxygen,  and  a  cork  in- 
serted* The  side  tube  allows  free  evaporation  to  take  place. 
This  is  then  suspended,  as  shown,  by  a  sling.  If  an  electro- 
magnet be  brought  near  the  end  of  the  tube,  the  tube  swings 
toward  and  adheres  to  the  pole  of  the  magnet  just  as  if  it 
were  a  piece  of  iron.  This  is,  perhaps,  the  first  adaptation 
of  this  experiment  for  exhibition  on  a  large  scale. 

The  enormous  force  of  liquid  oxygen  is  illustrated  in 
Fig.  84 — ^an  experiment  which  was  tried  at  the  request 
of  the  inventor  of  one  of  our  best  known  guns,  A 
heavy  steel  tube,  18  inches  long  and  of  about  an  inch  bore, 
open  at  both  ends,  was  securely  fastened  in  a  vise.  Into  the 
middle  of  the  tube  a  plug  of  cotton  saturated  with  liquid 
oxygen  was  placed.  This  was  touched  off  by  a  taper  from 
a  safe  distance.  The  effect  of  the  explosion  is  shown  m  the 
figure,  which  is  a  careful  drawing  from  the  tube  itself. 

The  practical  uses  and  applications  of  liquid  air  have  not 
yet  been  made,  but  doubtless  the  inventive  world  will  find  a 
place  and  a  use  for  this  new  power.  Already  inquiries  in 
this  direction  are  somewhat  numerous.  The  scientific 
aspects  of  the  matter  are  ot  the  highest  interest.  By  boiling 
hquid  air  in  a  vacuum,  the  lowest  degree  hitherto  attained 
has  been  reached,  and  men  are  brought  the  nearest  they  have 
ever  been  to  the  absolute  zero.  It  would  appear  that,  at  the 
point  reached,  chemical  action  has  well  nigh  ceased.  Even 
that  most  active  element  fluorine,  whose  chemical  affinities 
at  ordinary  temperatures  are  uncontrollable,  becomes  com- 
paratively inert.     It  has  recently  been  cooled  in  oxygen  boiU 
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ing  in  a  vacuum  to  —210^  C.  without  solidifying.  It  became 
a  liquid  at  — 157°  C.  In  its  liquid  form  it  had  apparently 
no  desire  to  attack  anything  excepting  only  substances  con- 
taining hydrogen,  such  as  turpentine  and  benzine.  Its  well 
known  action  upon  glass  entirely  ceased.  It  would  seem 
probable  that  men  have  reached  in  liquid  air  boiling  in  a 
vacuum  a  temperature  quite  comparable  with  that  of  the 
spaces  between  the  stars,  and  that  we  may  realize  in  a  faint 
degree  something  of  the  time  when  stars  and  sun  have  ceased 
to  shine  and  grown  cold. 

REMOVAL  OF   FOREIGN   BODIES   FROM    THE    EVE. 


When  a  cinder,  a  piece  of  rock,  steel,  or  other  foreign 
substance  gets  into  the  eye,  the  sufferer  is  desirous  of  being 
p^g    gg  relieved  as  quickly  as  pos-  i 

sible,  not  only  on  account 
of  the  pain  and  discomfort, 
but  also  on  account  of  the 
apprehension  of  the  object 
becoming  more  and  more 
deeply  embedded  in  the 
tissues,  and  the  production 
of  serious  inflammation 
which  accompanies  any  in- 
trusion ot  this  kind,  and 
which  is  likely  to  last  for 
some  time  after  the  removal 
of  the  foreign  substance. 

We  arc  usually  averse 
to  allowing  any  one  to  med- 
dle with  our  visual  organs, 
especiall}^  when  it  involves 
anything  akin  to  a  surgical 
Ame  Mirror  operation,  so  that  it  we  can 
help  ourselves  when  we 
meet  with  a  mistortune  of 
this  kind,  it  is  our  pleasure  to  do  so* 

When  the  object  is  of  such  a  size  as  to  be  readily  visible 


used  as  a  Substtuic  tor  a  Concave 
Mirror* 
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in  an  ordinary  mirror,  persons  with  normal  eyesight  can 
easily  locate  it,  and,  in  ninety-nine  cases  in  a  hundred,  can 
remove  it  without  aid  by  using  a  finely-pointed  pine  stick, 
the  extremity  of  which  is  moistened  and  bruised  between 
the  teeth  sufficiently  to  destro}^  its  rigidity  and  make  it 
brush-like  at  the  very  point.  Often  the  foreign  body  is  so 
minute  as  to  be  undiscoverable  by  the  means  named,  or  the 
vision  may  be  such  as  to  necessitate  the  use  of  spectacles. 
In  either  of  these  cases  the  ordinary  mirror  will  not  an- 
swer; a  concave  or  magnifying  mirror  is  needed.  This  will 
show  the  object  without  using  spectacles. 

When  the  foreign  substance  consists  of  finely  divided 
particles  such  as  sand  or  dust,  a  wet  camel's  hair  brush  may 
be  used  to  advantage*  When  the  substance  cannot  be 
removed  in  either  of  these  ways,  the  services  of  an  oculist 
should  be  secured  as  early  as  possible.  If  the  magnifying 
mirror  is  not  available^  a  pocket  magnifier  having  a  diame- 
ter of  I  or  1^4^  inches  and  about  2»a  or  5  inch  focus  may  be 
used  in  connection  with  an  ordinary  mirror,  by  placing  the 
magnifier  in  contact  with  the  face  of  the  glass,  as  shown  in 
the  engraving. 

AID   TO   VISION. 

When  age  creeps  on  and  vision  fails,  so  that  eyeglasses 
are  essential  to  the  close  examination  of  near  objects,  it  is 
vexatious  when  a  person  dependent  on  eye  glasses  finds  his 
glasses  have  been  left  or  lost  just  when  they  are  needed 
most.  If  the  light  is  strong,  the  angle  of  vision  may  be  in- 
creased as  the  angle  of  the  photograph  lens  is  increased  ; 
that  is  to  say,  by  the  use  of  a  diaphragm.  The  reading  or 
seeing  is  to  be  done  through  a  pinhole  in  a  card,  or  better, 
in  a  piece  of  thick  tin  foil.  The  perforated  card  must  be 
placed  as  near  the  eye  as  possible  to  secure  the  best  results. 
It  is  not  supposed  that  this  device  will  take  the  place  of 
glasses,  but  as  a  makeshift  in  an  emergency  it  is  valuable. 


A   LESSON   IX   COMPLEMENTARV    COLORS, 

A  gentleman  whose  power  of  observation  is  active  re- 
cently retired  in  a  room  having  white  walls  and  ceiling  and 
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lumished  with  yellow  window  shades,  which  were  drawn 

down.  He  was  awakened  in  the  morning  by  the  sunlight 
pouring  in  through  the  yellow  shades.  The  walls  and  ceil- 
ing  of  the  room  appeared  to  hira  to  be  of  a  light  green  colon 
His  explanation  of  this  phenomenon  was  this :  The  light  in 
passing  through  his  eyelids  was  tinted  red;  by  continual 
exposure  of  the  optic  nerves  to  red  light  they  became  tired, 
so  that  when  the  red  screens  (the  eyelids)  were  removed  by 
opening  the  eyes,  the  sensation  of  the  complementary  color 
was  experienced,  and,  as  a  result,  the  walls  and  ceiling  ap- 
peared green.  After  gazing  at  the  ceiling  until  the  green 
color  had  vanished,  he  closed  his  eyes  and  covered  them  to 
prevent  light  from  entering  through  the  lids,  when  a  vivid 
purple,  the  complement  of  the  yellow  or  orange  shade,  was 
seen. 

SOME  SUGGESTIONS  IN  MICROSCOPY. 


An  object  which  always  interests  the  microscopist,  and 
excites  the  wonder  and  admiration  of  those  who  regard  thin| 
microscopic  from  the  point  of  popular  interest,  is  the  circu-^ 
lating  blood  in  living  creatures.  Nothing  in  this  line  has 
proved  more  satisfactory  than  the  microscopic  view  of  the 
circulation  of  blood  in  the  tail  of  a  gold  fish.  Thanks  to  Mr, 
Kent's  invention  of  the  fish  trough,  the  arrangement  of  the 
fish  for  this  purpose  has  been  rendered  comparatively  simple 
and  easy. 

The  trough  consists  of  a  metallic  vessel  provided  with  a 
thin  extension  at  one  end  near  the  bottom  furnished  with 
glass-covered  apertures  above  and  below.  The  body  of  the 
fish  between  the  gills  and  tail  is  wrapped  wnth  a  strip  of  soft 
cloth,  and  the  trough  being  filled  with  water,  the  fish  is  placed 
therein,  with  its  tail  projecting  into  the  extension  between 
the  glass  covers.  The  tank  is  arranged  on  the  microscopic 
stage  with  the  tail  of  the  fish  in  position  for  examination.  So 
long  as  the  fish  remains  quiescent,  all  goes  well,  and  the  beat 
tiful  phenomenon  may  be  witnessed  with  great  satisfaction,^ 
but  the  subject  soon  becomes  restless,  and  at  the  most  inop- 
portune moment  either  withdraws  its  tail  from  the  field  or 
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jumps  out  of  the  tank,  thus  causing  a  delay  which  is  some- 
times embarrassing. 

The  uneasiness  of  the  fish  is  caused  partly  by  its  unnatural 

Fig.  86. 


Fish  Trnuirh  witli  Grids  and  CoDtiDuous  Water  Supply. 

position  and  partly  by  the  vitiation  of  the  water.  The  latter 
trouble  has  been  remedied  by  the  writer,  by  inserting  a  dis- 
charge spout  in  one  end  of  the  trough,  and  providing  a  tube 

Fjg.  87, 


Dark  Gruund  Illuminator. 

for  continually  supplying  fresh  water.  The  other  difficulty 
has  been  surmounted  by  providing  two  wire  grids  (Fig,  86), 
each  having  spring  clips  at  their  ends  for  clamping  the  walls 
of  the  tank.  These  grids  are  pushed  downward  near  the 
body  and  head  of  the  fish,  so  as  to  closely  confine  the  little 
prisoner  without  doing  it  the  least  injury.  With  these  two 
improvements  the  examination  may  be  carried  on  comfort- 
ably for  an  hour  or  more* 
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In  Fig.  87  is  shown  a  simple  device  for  dark  ground  illu- 
mination. Although  it  does  not  take  the  place  of  the  para- 
bolic illuminator,  or  the  spot  lens,  for  objectives  of  low  angle, 
it  answers  an  excellent  purpose-  To  a  metallic  slide^  A, 
having  a  central  aperture  surrounded  by  a  collar,  is  fitted  a 
funnel,  B>  of  bright  tin  or  nickel  plated  metal,  which  is  pro- 
vided with  a  downwardly  projecting,  axially  arranged  wire 
upon  which  is  placed  a  wooden  button  capable  of  sliding  up 
or  down  on  the  wire,  the  button  being  of  sufficient  size  to 
prevent  the  passage  of  direct  light  to  the  objective.  The 
light  by  which  the  illumination  is  effected  passes  the  button, 
and  strikinc^  the  walls  of  the  conical  reflector,  is  thrown  on 
the  object. 

SIMPLE  APPARATUS  FOR  GATHERING  AND   EXAMINING 

MICROSCCJPIC   OBJECTS, 

One  of  the  difficulties  experienced  by  the  beginnei  in 
microscopy  is  the  finding  and  gathering  of  objects  for  ex- 
amination.   As  a  rule,  cumbersome  apparatus  has  been  used. 

Fit;.  83. 
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Gathering  Microscopic  Objecls. 

The  conventional  apparatus  consists  of  a  staff  to  which  are 
fitted  a  knife,  a  spoon,  a  hook,  and  a  net ;  but  a  great  deal  can 
be  accomplished  with  far  less  apparatus  than  this. 

The  i'ligraving  illustrates  a  simple  device  by  means  of 
which  the  amateur  microscopist  can  supply  himself  with  as 
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The  instrument  is  used  in  the  manner  shown  in  Fig.  88^  that 
is  to  say,  it  is  scraped  along  the  surface  of  objects  submerged 
in  the  water,  the  water  passing  through  the  cloth  and  the  ob- 
jects being  retained  by  the  conical  bag.  When  a  quantity  of 
material  has  accumulated,  the  bag  is  turned  inside  out  bv 
pulling  the  string,  and  the  pointed  end  of  the  bag  is  dipped 
a  number  of  times  in  water  contained  in  a  wide-mouthed 
bottle.  The  operation  is  then  repeated.  The  objects  thus 
washed  from  the  bag  are  retained  in  the  bottle  for  examina- 
tion. 

The  common  method  of  examining  small  objects  of  this 
kind  is  to  place  a  drop  of  water  containing  some  of  the  objects 


Fig.  91. 


upon  a  glass  slide  by  means  of  a  drop 
tube,  then  to  apply  a  cover  glass  and 
remove  the  surplus  water  by  the  ap- 
plication of  a  piece  of  blotting  paper. 
This  answers  very  well  for  the  smaller 
objects,  but  the  larger  ones  must  be 
examined  in  u  tank  like  that  shown  in 
Fig.  go.  This  tank  consists  oi  a  glass 
slide,  A,  to  which  are  attached  three 
glass  strips.  B,  by  means  of  cement 
( bicycle  tire  cement  answers  well  for 
this  purpose),  the  strips  forming  the 
bottom  and  ends  of  the  tank.  The 
front,  C,  of  the  tank  is  formed  of  a  piece  (jf  a  glass  slip  at- 
tached  to  the  strips  by  means  of  cement.  To  vary  the  thick- 
ness of  the  body  of  water  contained  in  the  tank,  when  neces- 
sary, one  or  more  glass  slips  are  inserted  behind  the  object. 


Cross  Stjciiun  01  Taiik. 


-SJME    SUGGESTIONS    IN    PHOTOGRAPHY. 


The  held  01  photography  has  been  enormously  enlarged 
bv  tlie  perfection  of  the  different  methods  (if  artificial  illumi- 
nation. Ah  entirely  dilterent  class  <jf  subjects  is  rendered 
available,  aiul  persons  whose  business  monopolizes  all  of  the 
davlij;i:lit  are  lurnished  opportiniities  for  the  gratification  of 
photojj:raphic  tastes,  provided  their  ambition  does  not  lead 
them  U)  a  desire  to  "  take  all  out  ol  doors  "  at  night. 
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In  times  past,  some  fault  has  been  found  with  flash  light 
pictures  on  account  of  the  anxious  expression  of  the  subject 
caused  by  the  expected  explosion  of  the  powder^  or  the  closed 
ejes  which  are  characteristic  of  pictures  secured  by  flash 
lights  that  are  not  practically  instantaneous. 

It  follows  that  a  flash  light  must  do  its  work  **  quicker 
than  a  wink,"  and  that  it  must  be  ignited  by  some  device 
other  than  a  fuse  <ir  strip  of  paper,  either  of  which  gives 

Fig.  92. 


Simple  Flash  L'j^^  t. 

warning  and  thus  puts  the  subject  on  guard.  Flash  light 
lamps  are  undoubtedly  good,  but,  so  far  as  the  writer  is  aware, 
they  are  alt  limited  in  certain  ways.  In  the  first  place  it  is 
necessary  to  compress  a  bulb  to  force  air  through  a  greater 
or  less  length  of  tube.  This  requires  some  effort  on  the  part 
of  the  operator,  and  practically  prohibits  him  from  including 
himself  among  his  subjects.  If  he  does  attempt  to  do  this, 
the  rubber  tube  leading  from  the  bulb  to  the  hjnp  must  neces- 
sarily form  an  unsightly  addition  to  the  picture ;  and  further- 
more, the  tube  is  limited  as  to  its  length,  on  account  of  the 
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air  friction,  which  so  reduces  the  blast  in  a  tube  of  coosid* 
crable  length  as  to  entirely  defeat  the  operation  of  the  lig^ht* 

After  enumerating  these  objections  to  the  ordinary  flash 
light  lamp,  it  is  perhaps  unnecessary  to  allude  to  the  matter 
of  expense.  However,  the  lamps  range  in  price  from  $1.50 
upward. 

In  Figs, 92  and  93  is  shown  flash  light  apparatus  the  cost  of 
which  is  practically  nothing,  as  the  needed  materials  may  be. 

Fir*.  93. 


The  Fl^A, 

purchased  for  a  few  cents,  and  the  Iab*jr  involved  is  a  i 

of  only  a  few  minutes.     A  description  is  hardly  necessary; 

the  engravings  tell  the  whole  story. 

Two  loops  soldered  to  the  bottom  of  a  small  tia  paa  r^ 
oeive  a  wir^  which  is  bent  at  one  end^  forming  a  spiral*  b 
which  isin>^         '   s  little  roll  of  asbestos*     A  fish  line  sit 
is  placed  on  .re  previous  to  bending,  and  near  the 

the  wire  is  bent  to  form  a  shoulder,  which  holds  the  wire  tn 
a  stable  position  when  raised*  as  shown  in  Fig,  gz*   The  other 


SOME   SIJGGFSTIONS   IN   PHuTOGRAPHY. 

extremity  of  the  wire  is  bent  at  nearly  a  right  angle  and 
lormed  into  a  loop,  then  returned  to  form  a  practically  T- 
shaped  arm  with  an  open  eye  at  its  extremity*  A  stout  black 
thread  of  sufficient  length  to  reach  as  far  as  may  be  required 
is  tied  in  the  loop. 

At  the  point  in  the  surface  of  the  pan  where  the  asbestos 
strikes  when  pulled  over,  a  shallow  cavity  is  formed  by  bur- 
nishing the  tin  with  a  rounded  instrument  like  a  tool  handle^ 

Fig,  94- 


r 


Inexpensive  Tray, 

the  tin  being  placed  over  a  cup,  a  box  cover,  or  something 
of  that  kind  which  will  support  the  metal  around  the  cavity 
during  the  operation  of  burnishing. 

The  pan  is  secured  to  a  heavy  wooden  block  or  to  any 
fixed  support  by  means  of  two  or  three  tacks  driven  through 
its  rim*  One  or  two  boxes  of  Blitz-pulver  should  be  placed 
in  the  cavity  in  the  tin;  a  few  drops  of  alcohol  are  poured 
on  the  asbestos;  the  apparatus  is  placed  on  a  step  ladder  or 
other  high  support,  which  is  located  at  the  side  ol  the  camera 
in  such  a  position  as  to  prevent  the  light  of  the  flash  from 
entering  the  camera  tube,     A  large  piece  of  white  paper  is 
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suspended  at  the  back  of  the  apparatus  and  from  1 8  to  24 
inches  distant.  If  the  operator  is  not  included  araong  the 
subjects,  the  black  thread  is  simph'  connected  with  the 
lower  loop,  so  that  a  rearward  pull  of  the  tliread  will  tilt  the 
wire  arm  forward.  If  the  operator  desires  to  include  him- 
self in  the  picture,  the  thread  is  slipped  into  the  eje  at  the 
»end  of  the  wire,  so  that  pulling  the  thread  from  the  front 
will  tilt  the  wire  arm  forward.    Now,  everything  being  ready. 


FiG.  95. 
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the  alcohol  is  lit,  the  operator  takes  his  position,  pulls  the 
thready  and  the  thing  is  done. 

When  the  subjects  are  so  posed  with  reference  to  the 
source  of  light  as  to  produce  undesirable  dark  shadmvs,  this 
trouble  may  be  avoided  by  arranging  newspapers  so  as  to 
reflect  more  or  less  light  on  the  shaded  side. 

To  secure  good  flash  light  pictures,  two  things  in  addition 
to  a  good  instrument  are  required :  one  is  an  instantaneous 
ligltt  t>f  sufficient  intensity,  the  other  is  an  instantaneous  plate 
of  the  kind  known  as  isochromatic  or  orthochromatic. 
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For  such  subjects  as  require  instantaneous  work^  the  ex- 
plosive powders  are  useful,  and  perhaps  in  the  majority  of 
cases  necessary,  but  for  nine-tenths  of  the  work  flash  lights 
of  the  torch  type,  usin^  pure  magnesium  powder^  without 
any  explosive,  answer  perfectly,  while  they  have  the  advan* 
tage  of  producing  a  less  oflensive  smoke  and  of  avoiding 
all  danger* 

The  annexed  engraving  shows  an  exceedingly  simple  and 

Fin.  96. 
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A  Magnesium  Torch, 


very  effective  torch  for  burning  pure  magnesium  powder. 
It  is  similar  to  some  found  at  the  stores  ;  it  differs  mainly  in 
the  matter  of  construction  and  materials.  A  vial,  3  inches 
high  and  1  inch  in  diameter,  forms  the  receptacle  lor  the 
powder.  The  neck  of  the  vial  is  large  enough  to  receive  a 
small  rubber  or  cork  stopper  {rubber  prelerred)  having  two 
perforations.  In  one  is  inserted  a  tube  having  its  lower  end 
projecting  i  of  an  inch  below  the  stopper,  this  end  bemg 
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contracted  so  that  its  aperture  is  about   *   inch  in  diameter^ 

or  about  as  large  as  a  good  sized  pin.  This  tube  is  curved 
over  to  receive  the  rubber  pipe  by  which  the  blast  is  fur- 
nished to  the  apparatus. 

In  the  other  aperture  of  the  stopper  is  inserted  a  piece 
of  tubing  of  about  yV  inch  internal  diameter  and  a  length  of 
3f  inches.     The  tubes  may  be  of  glass  or  brass. 

A  wire  spiral  bent  into  a  circle  and  connected  at  the  ends 
receives  a  roll  of  woolen  cloth,  or  better  a  filling  of  asbestos 
fiber,  and  the  end  of  the  wire  forming  the  spiral  is  bent  at 
right  angles,  and  wrapped  around  the  tube.  A  quarter  inch 
space  is  left  all  around  the  tube,  between  the  tube  and  the 
inner  portion  of  the  spiraL  The  vial  is  onc-quartcr  or  one- 
half  filled  with  fine,  pure  magnesium  powder,  and  the  fibrous 
material  in  the  wire  spiral  is  saturated  with  alcohol.  When 
all  the  preparations  for  the  exposure  have  been  made,  includ- 
ing lighting  the  alcohol,  the  operator  blows  strongly  through 
the  rubber  tube;  the  concentrated  jet  stirs  up  the  [>owder 
in  the  vial  thoroughly,  and  the  air  escaping  through  the 
longer  tube  carries  the  powder  through  the  flame,  thus  pro- 
ducing a  spire  of  flame  abL>ut  2  feet  high.  Several  puiTs 
may  be  made  if  the  subject  is  one  requiring  strong  illumina- 
tion. 

Tlic  principal  point  to  look  out  for  is  to  make  the  con- 
tracted blowpipe  of  such  capacity  relative  to  the  discharge 
tube  as  will  insure  the  comparatively  slow  passage  of  the 
powder  through  the  flame.  If  the  bk>wpipe  is  too  large,  the 
powder  will  pass  through  the  flame  so  rapidly  as  to  fail  of 
igniting.  In  this  way  a  large  proportion  of  the  powder  mu}^ 
be  lost;  but  with  correctly  proportioned  tubes  the  combus- 
tion is  very  perfect. 

The  writer  has  taken  anumberof  fair  sized  interiors  with 
this  tnrch.  Pure  magnesium  powder  can  be  used  in  this 
apparatus  with  perfect  safety,  but  explosive  powders  used 
in  a  confined  space  (such  as  the  vial  in  this  torch)  are  dan- 
gerous. 

TRAYS   FOR   DEVELOPING,   FIXING,   ETC. 

Among  the  items  of  expense  in  the  list  of  the  amateur 
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photographer's  supplies  will  be  found  trays  for  developing, 
fixing,  intensifying,  toning,  etc.,  and  the  temptation  is  often 
great  to  make  one  or  two  trays  answer  all  purposes;  but 
modern  photography  forbids  the  double  use  of  trays,  so  that 
the  operator  must  either  purchase  or  make  trays  for  himself. 
In  Fig.  94  is  seen,  in  the  upper  figure,  a  pasteboard  blank, 
which,  when  creased  as  indicated  by  the  dotted  lines,  bent 
up  and  fastened  at  the  comers  by  pieces  of  cloth  glued  inside 
and  outside  as  shown,  forms  a  foundation  for  a  serviceable 

Fir,.  97. 
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Electric  Trav  Illuminator, 


tray.  All  that  is  required  to  complete  the  job  is  to  fill  the 
pores  of  the  pasteboard  and  cloth  with  paraffine. 

There  are  two  ways  of  doing  this*  One  is  to  dip  the  tray 
into  paraffine  melted  in  a  pan  of  suitable  size  ;  the  other  way 
is  to  melt  the  paraffine  by  means  of  a  hot  iron  and  allow  it 
to  drop  on  the  pasteboard,  afterward  spreading  it  with  the 
hot  iron.  In  either  case  a  liberal  supply  of  paraffine  should 
be  left  in  the  corners.  Paraffine  candles  will  furnish  the  ma- 
terial for  saturating  the  tray  when  paraffine  in  bulk  is  not 
available. 

In  Fig.  95  is  represented  a  simple,  easily  made  and  efficient 
negative  rack.     It  consists  of  thin  wire  frames  pivoted  to  the 
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base  board  and  provided  with  corrugations  for  receiving 

the  edges  of  the  plates. 

In  Fig.  97  is  shown  a  method  of  dark  room  illumination 
which  permits  of  examining  the  negative  thoroughly  during 
the  process  of  development  without  unduly  exposing  the 
plate.  It  consists  of  a  two-candle  power  incandescent  lamp 
attached  to  a  handle  and  inclosed  by  a  hemispherical  reflector 
closed  at  the  front  with  a  disk  of  dark  ruby  glass*  The  lamp 
is  held  near  the  plate.  All  of  the  light  is  thrown  downward, 
so  that  the  eyes  receive  only  the  light  reflected  from  the 
plate.  Furthermore,  only  a  small  section  of  the  plate  is  ex- 
posed to  the  light  at  any  time.  When  the  lamp  is  not  in  use 
in  the  manner  described,  it  is  either  laid  face  down  on  the 
table  or  suspended  so  as  to  light  the  dark  room. 


PHOTOGRAPHIC     CANE. 

In  this  cane,  which  is  shown  in  side  and  front  sectional 

elevation  in  Figs.  98  and  99  the  head  forms  a  camera,  %vhile 
the  tubular  body  of  the  cane  forms  a  reservoir  for  the  sen- 
sitized celluloid  strip.  The  head  is  screwed  to  the  body 
and  carries  a  plate,  A,  which  extends  down  into  the  cane. 
On  the  stud,  a,  projecting  from  the  plate,  is  journaled  the  , 
roller,  B,  and  at  the  lower  end  of  the  plate.  A,  is  journaled 
a  roller,  C,  A  celluloid  strip,  D,  passes  around  the  rollers, 
B,  C*  This  strip  is  preferably  made  endless  by  joining  its 
ends  by  means  of  two  or  three  stitches  or  even  a  small  pin, 
to  permit  of  giving  suitable  tension  to  the  strip.  The  strip 
is  guided  by  rollers,  c%  c\  €\  ^\  The  rollers,  r%  B,  and  r,  i:\ 
hold  the  section,  d,  of  the  film  in  the  focal  plane.  The  roller, 
B,  is  provided  with  a  stem,  r,  which  extends  through  the 
side  of  the  cane  head  and  is  furnished  with  a  milled  head,/. 
The  roller,  Bj  is  provided  with  points,  ^,  on  diametrically 
opposite  sides  for  puncturing  the  sensitized  film  at  the  ends 
of  the  exposed  portion,  and  the  inner  surface  of  the  milled 
head,/,  is  provided  with  cavities,  //,  corresponding  in  posi- 
tion with  the  points  on  the  roller,  B,  and  to  the  side  of  the 
cane  head  is  attached  a  spring,  /,  furnished  with  a  projec- 
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tion  which  enters  into  one  or  the  other  of  the  cavities,  //,  and 
thus  causes  the  film  to  register. 

In  the  cane  head  near  the  film^  D,  is  secured  a  plate,  E, 
provided  with  a  rectangulor  aperture,/  through  which  the 
exposure  is  made.  To  the  front  of  the  plate  is  hinged  a 
shutter,  k,  the  pivf>t  of  which  is  prolonged  and  furnished 
with  a  spring,  /,  which  tends  to  close  the  shutter  and  keep  it 
closed.  The  cam,  ;//,  formed  on  the  hinge  is  provided  with 
a  notch,  n^  for  receiving  the  end  of  the  spring,  (k  A  button, 
/,  extends  through  the  lower  wall  of  the  cane  head.  When 
the  button,/,  is  pnshecl  the  shutter  is  thrown  open  and  the 
cam,  fH,  trips  the  end  of  the  spring,  allowing  the  shutter  to 
close.  \i  it  is  desired  to  prolong  the  exposure,  the  shutter 
may  be  opened  more  carefully  and  held  open  as  long  as  may 
be  required  before  pushing  the  button,  /,  far  enough  to 
cause  the  spring  to  trip. 

The  lens,  q,  is  placed  in  the  cane  head  in  proper  relation 
to  the  exposed  portion  of  the  film,  D,  and  the  end  of  the 
cane  head  is  furnished  with  a  small  hinged  cap,  r,  which  is 
held  in  a  closed  position  by  the  spring  catch,  s.  When  it  is 
desired  to  make  an  exposure  the  spring  catch,  s,  is  pressed, 
when  the  cap,  ^,  flies  open;  then  the  button,/,  is  pushed, 
opening  the  shutter  in  the  manner  already  described,  mak- 
ing the  exposure.  After  the  exposure  is  made  the  milled 
head,  J\  is  turned  a  half  revolution,  when  the  camera  is 
ready  for  another  operation.  Of  course,  it  is  necessary  for 
the  operator  to  either  count  the  number  of  exposures  or  to 
attach  to  the  film  a  button,  t,  which  will  not  pass  between 
the  rollers,  C.  When  the  film  can  be  turned  no  further,  it 
will  indicate  that  the  film  is  used  up, 

A   CONVENIENT   CAMERA. 

While  it  may  be  ttxj  early  to  say  the  old-time  plate-holder 
camera  has  had  its  day,  it  cannot  be  denied  that  magazine 
cameras  of  various  kinds  are  superseding  the  old-fashioned 
camera,  especially  among  tourists  and  others  who  desire  to 
accomplish  a  great  deal  photographically  in  a  very  short 
time.     The  magazine  camera  is  in  photography  what  the 
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Gatling  gun  is  in  warfare.  It  enables  the  operator  to  not 
only  secure  a  great  number  of  subjects,  but  it  often  allows 
him  to  get  a  view  which  would  be  lost  if  the  plates  were  to 
be  changed  by  the  clumsy  device  of  the  ordinary  plate  holder* 

The  low  price  and  good  quality  of  plates  and  cut  films 
contribute  in  no  small  degree  to  the  success  and  popularity 
of  the  magazine  camera.  There  is,  however,  still  a  bar  to 
its  very  general  use  ;  that  is  the  high  price  at  which  these 
instruments  have  been  held.  As  their  construction  has  been 
somewhat  complicated,  and  as  good  workmanship  is  neces- 
sary to  insure  accuracy  and  reliability,  the  cost  of  manufac- 
ture has  been  so  great  as  to  warrant  existing  prices. 

The  engraving  represents  a  magazine  camera  which  is 
reliable  in  its  action  and  at  the  same  time  so  simple  that 
its  construction  is  quite  within  the  range  of  the  amateur  or 
ordinary  mechanic. 

A  plate  holder  or  kit  is  required  for  each  plate  or  film. 
The  holder  consists  of  a  hard  wood  frame  a  little  larger — - 
inside  measurement— than  the  plate  or  the  film  holder,  with 
a  piece  of  thin  veneer  glued  to  the  back.  The  upper  edge 
of  each  holder  is  beveled  on  the  front,  while  the  lower  edge 
is  beveled  on  the  rear,  as  shown  in  Fig.  loi.  Two  washers 
or  burs  let  into  the  upper  part  of  the  frame  project  into  the 
space  which  receives  the  plate,  and  in  a  recess  in  the  lower 
part  of  the  frame  is  pivoted  a  button  which,  when  turned 
transversely,  holds  the  lower  edge  of  the  plate  in  the  holder* 
In  the  face  of  the  holder  at  the  upper  corners  are  formed 
notches  for  receiving  the  nibs  of  the  hooks  which  are  used 
for  changing  the  plates. 

The  camera  box  is  divided  by  a  vertical  partition  into 
two  compartments.  In  the  front  compartment  is  located  the 
lens  and  shutter,  while  the  rear  compartment  is  subdivided 
into  two  similar  chambers  by  a  horizontal  partition,  which 
extends  toward  the  vertical,  leaving  a  space  which  is  sufficient 
to  allow  the  holder  lying  in  contact  with  the  vertical  parti- 
tion to  be  transferred  from  the  upper  chamber  to  the  lower 
one. 

To  the  rear  end  of  the  camera  box^ — which  is  removable 
— is  attached  a  pair  of  pillow  springs,  which  hold  the  plate 
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holders  in  the  two  chambers  in  contact  with  the  vertical  par- 
tition. To  the  end  of  each  sj)ring  is  attached  a  follower, 
which  bears  against  the  plate  holders.  The  upper  follower 
has  square  edges  all  around ;  the  upper  edge  of  the  lower 
follower  is  beveled  in  the  same  manner  as  the  plate  holders. 
The  vertical  partition  has  opposite  the  lens  a  rectangular 
opening,  through  which  the  plate  is  exposed,  and  in  the  ver- 

FiG.  loa. 
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The  Shutter. 

tical  partition  are  formed  grooves  about  three-sixteenths  inclr 
deep  and  wide.  In  the  bottom  of  the  box,  opposite  these 
grooves,  are  formed  mortises^  for  receiving  the  U-shaped 
shifting  rod.  which  slides  in  the  grooves.  The  upper  ends 
of  these  rods  are  reduced  in  thickness,  and  bent  rearward 
slightly  to  cause  the  nibs  at  the  ends  of  the  bar  to  enter  the 
notches  in  the  upper  corners  of  the  holder.  After  the  first 
plate  is  exposed,  the  shifting  rod  is  pulled  down,  thus  carry- 
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ing  the  plate  holder  from  the  upper  chamber  downward  into 
the  lower  chamber,  in  front  of  the  follower,  which  is  forced 
backward  by  the  engagement  of  the  beveled  lower  edge  of 
the  plate  holder  with  the  beveled  upper  edge  of  the  followen 
After  the  second  exposure,  the  plate  holder  is  drawn  down 
in  front  of  the  first  plate  holder,  and  so  on. 

It  will  be  seen  that  the  magazine  may  be  made  for  any 
number  of  plates. 

The  lens  in  the  camera  illustrated  is  a  wide  angle  achro- 
matic of  short  focus.  It  is  fixed  at  such  a  distance  from  the 
plate  as  will  enable  it  to  cut  a  clear^  sharp  image  at  a  dis- 
tance of  eight  feet.  No  focusing  mechanism  is  provided,  as 
it  is  found  that  better  results  can  be  secured  in  a  camera  of 
this  kind  by  having  the  lens  in  a  fixed  position.  The  lens 
tube  is  provided  with  a  revolving  diaphragm  located  between 
the  lenses. 

Lenses  of  this  kind,  suitable  for  hand  cameras,  can  be  pur- 
chased from  the  dealers  with  or  without  a  shutter,  A  very 
simple  and  efficient  shutter  is  shown  in  Fig.  100.  It  is  inserted 
in  slots  formed  in  the  lens  tube,  behind  and  very  near  the 
diaphragm.  The  narrow  end  of  the  plate,  A,  forming  the 
fixed  portion  of  the  shutter  is  provided  with  ears,  r  c,  which 
act  as  guides  for  the  slide,  B.  A  clip»  c,  placed  on  the  lower 
end  of  the  plate,  A,  guides  the  lower  end  of  the  slide,  B.  It 
is  held  in  place  by  a  lip  on  the  lower  end  of  the  plate,  A. 
The  plate  and  the  slide  are  each  provided  with  a  circular 
opening  a  little  larger  than  the  largest  aperture  of  the  dia- 
phragm. 

To  the  plate,  A,  is  pivoted  a  spring-pressed  trigger,  e/^ 
which  engages  the  notches  in  the  edge  of  the  slide,  B.  One 
end  of  the  spring,  F,  is  inserted  in  the  plate,  A,  the  other  end 
being  attached  to  the  slide,  B.  The  upper  end  of  the  slide,  B, 
is  bent  over  and  perforated  to  receive  a  stout  string,  which 
extends  through  the  top  of  the  camera  and  is  used  for  setting 
the  shutter. 

To  the  inner  surface  of  the  camera  top  is  attached  a  flat 
spring,  the  free  end  of  which  projects  over  the  horizontal 
arm  of  the  trigger,  tf,  and  is  provided  with  a  button  extending 
through  the  camera  top.     By  pressing  this  button  the  trigger 
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A,  coincide  for  an  instant*  thus  making  the  exposure.  To 
change  the  diaphragm  it  is  necessan^  to  open  the  front  of 
the  camera.  To  prevent  the  exposure  of  the  plate  a  swing- 
ing door  (not  shown)  is  provided,  which  closes  the  opening^  ] 
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in  the  vertical  partition,  preventing-  the  access  of  light  to  the 
plate.  For  time  exposures  the  shutter  is  set  open  by  catch- 
ing the  trigger  in  the  middle  notch  and  using  the  cap.  The 
speed  of  the  shutter  is  varied  by  using  springs  ol  different 
strength. 

The  German  edition  of  *'  Experimental  Science  '*  contains 
the  following  description  of  a  magazine  hand  camera,  Fig, 
io2>which,  singularly  enough,  strongly  resembles  that  above 

Fig.  102. 
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Improved  Hand  Camefa. 

shown.  It  was  invented  by  Dr.  Krugener,  and  differs  in 
some  respects  from  the  above.  It  has  a  large  finder,  which 
includes  the  same  area  as  tlie  plate  upon  w^hich  the  impres- 
sion is  taken.  The  finder  lens  is  above  the  view  lens,  and 
the  plates  are  transferred  before  the  impression  is  taken 
instead  of  alter  ward,  as  in  the  camera  above  referred  to. 

A  mahogany  case  of  convenient  form  is  divided  into  four 
compartments  by  horizontal  and  vertical  partitions.  Division 
b  contains  a  mirror,  b\  placed  at  an  angle  of  45',  which  throws 
the  image  formed  by  the  lens,  /;/,  upon  the  ground  glass, /, 


m  tUac  dwfug;  f lie  taJdi^r  ^  ^^  iay^Mgw  tfcc  pc«doft  itf 
rhe  ohjecf  w^  be  obaerrcd.  DiYiskitt ^coofiaaBB from  12  to 
2  sf^miiw^  pfaies»  famlj  pressed  bjraspmlspeiDg^  bj  which 
rb^i'  are  moved  forward^  when  one  o<  tfie  plates  in  dtr^ioci, 

ted  bj  mcaEtift  tA  the ttanrfemiig  rod,  ^  so  tfiat  it  maj 
: .  _c  -  the  li|{bt  from  the  oiifect  gbs&,  O.  The  next  plate 
nfKiTe%  ill  from  of  the  one  alfeadj  exposed.  Everr  plate  is 
fixed  in  a  small  shkld,  «o  that  the  forward  plate  protects  all 
rhfise  behind  it  from  theinjurioas  inflaenceof  the  light.  The 
ii\i\^vX  sflaM  is  closed  independently  of  the  shutter.     The  in- 

rnis  shutter  is  placed  in  a  compartment  in  front  of  the 
o.fjM.;i.c,  and  t^  therefore  out  of  sight  and  protected  from 
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The  annexed  half  tone  engraving  is  from  a  cloud  photo- 
^rajjli  takcfi  by  Mr,  A.  J.  Henry,  of  the  Weather  Bureau. 
Tills  print  wuh  made  from  a  single  negative  taken  with 
one  expoHure^  and  it  is  through  the  courtesy  of  Mr.  Henry 
iiiid  Mr.  MtAdie,  of  this  bureau,  that  we  are  enabled  to 
give  our  readers  the  secret  of  this  remarkable  eflfect* 

\\\v  picture  is  taken  through  a  monochromatic  screen. 
Ihf  iHK"  found  most  effective  is  that  formed  of  a  saturated 
i^oUition  ol  liiciinimatf  of  potash  inclosed  in  a  plate  glass 
cell  having;  parallel  sides.  The  construction  of  this  cell  is 
hliovvn  ill  ihr  second  engraving,  in  which  a  a  are  squares  of 
plalr  ^dasN  and  b  is  a  ring  cut  from  a  glass  tube  and  ground 
to  render  lis  edges  parallel  and  smooth.  One  side  of  the 
rin^  is  perftuated  and  furnished  with  a  stopper.  The  ring 
1h  cemented  between  tlic  \\s^>  glass  plates  with  balsam  of  fir 
or  other  suitable  cement.  The  saturated  solution  of  bichro- 
mate ot  potash  is  introduced  through  the  perforation,  and 
the  cell  thus  made  is  inserted  in  a  piece  of  cork,  r,  which  fits 
<»ver  the  collar  of  the  camera  lens.  The  proper  thickness 
(or  the  cell  is  shown  in  the  engraving;  the  diameter  will,  of 
ciUHse.  vary  with  the  size  and  the  angle  of  the  lens.  The 
e\pt»Hure  lor  the  negative  Imm  which  our  illustration  was 
t;4ken  wa?«  tour  seconds. 


To  ci>i3*truct   this  shutter,  two  oblong^  pieces  of   paste- 
bcMYxl   box.  four  hairpins^  four  common  pins,  a  long   thin 
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rubber  baod,  a  piece  of  black  velvet,  and  a  piece  of  thread 
constituted  the  materials,  and  the  time  required  for  making 
the  apparatus  was  twenty  minutes. 

In  the  center  of  one  of  the  pieces  of  pasteboard  was 
formed  an  aperture  to  fit  over  the  threaded  end  of  the  lens 
tube,  and  in  the  center  of  the  other  oblong  piece  of  paste- 
board was  formed  a  wide  transverse  slit,  and  a  piece  of  black 
velvet  was  attached  to  one  side  of  the  pasteboard  and  carried 


Fig.    105. 
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over  the  edges  around  the  slit  In  the  absence  of  other 
forms  of  wire,  (our  hairpins,  a,  were  straightened,  the  ends 
of  each  one  bent  at  right  angles  in  the  same  direction  and 
inserted  in  opposite  edges  of  the  pasteboard  above  and  below 
the  lens  tube.  Two  ol  the  common  pins  were  inserted  in 
the  front  of  the  lower  part  of  the  movable  portion  of  the 
shutter,  from  opposite  directions,  forming  a  cleat  for  the  re- 
ception of  the  piece  of  thread,  and  in  a  similar  way  two  pins 
were  inserted  in  the  stationary  pasteboard.    A  slender  rub* 
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bcr  band,  b,  was  stretched  around  diagonalij  op{X)site  ends 
of  the  pieces  of  pasteboard  within  the  wire  arms,  Oy  and  was 
prevented  fn>m  slipping  by  the  ends  of  the  arms  which 
entered  the  pasteboard. 

This  shutter  was  set  by  raising  the  front  part  so  as  to 
bring  the  lower  imperforate  portion  against  the  front  of  the 
lens  tube,  thereby  shutting  off  the  light,  then  bringing  the 
thread,  c,  already  attached  to  the  cleat  on  the  stationary' 
part,  around  the  cleat  on  the  movable  part.  The  exposure 
was  made  by  cutting  the  thread  by  means  of  a  pair  of  scis- 
sors as  shown  in  Fig.  105.  The  focusing  was  done  while  the 
shutter  was  held  open  by  another  thread,  //,  having  a  loop 
in  it,  which  was  slipped  on  the  front  cleat,  as  shown  in 
the  figure. 

To  make  a  slightly  prolonged  exposure,  the  thread,  r, 
which  held  the  shutter  closed,  was  cut  first  as  shown. 
The  looped  thread,  d,  which  held  the  shutter  open,  was 
cut  immediately  after  it,  the  time  elapsing  between  cutting 
the  first  and  second  threads  being  the  time  of  exposure. 
The  rapidity  of  the  shutter  is  increased  by  adding  another 
rubber  band. 

DFA'KLOPINt;,    INTENSIFYING   AND   FIXING. 

Rodinal,  a  new  photographic  developer,  invented  or  dis- 
covered by  Dr.  M.  Anderson,  of  Berlin,  is  one  of  the  best 
developers  known. 

It  is  very  simple  and  effective.  It  works  rapidly  and 
produces  good  results. 

The  directions  for  its  use,  as  furnished  by  the  manufac- 
turers, are  given  below  : 

Prepare  a  diluted  developing  solution  by  adding  to  i  part 
of  rodinal,  by  measure,  30  parts  of  water,  by  measure. 

Developing  should  be  commenced  with  this  solution. 

The  image,  even  on  under-exposed  plates,  will  appear 
rather  rapidly,  though  it  will  require  three  or  four  minutes 
tn  bring  it  out  fully,  allowing  sufficient  time  to  watch  the 
progress  of  development. 

1.  Under-exposed  plates  can  generally  be  finished  with  a 
dilution  of  1:30  without  obtaining  a  negative  with  too  great 
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contrasts.  Should  there  be  a  considerable  under-exposure, 
add  to  the  solution  5  to  10  parts  of  water  additional. 

Rodinal  not  being  liable  to  fog  the  image,,  developing 
may  be  continued  for  a  very  long  time.  A  soft  negative 
will  then  be  obtained  with  an  image  properly  and  har- 
moniously worked  up,  which,  if  required,  may  be  intensi- 
fied. 

2.  Should  the  plate,  on  developing  with  a  solution  1:30, 
prove  to  be  over-exposed,  remove  the  developer  from  the 
tray,  and  add  to  it,  in  order  to  make  it  work  with  greater 
■contrasts,  an  ample  quantity  of  a  solution  of  bromide  of 
potassium  and  a  few  drops  of  undiluted  rodinal. 

To  this  end  it  will  be  found  useful  always  to  hold  ready 
a  solution  of  i  part  of  bromide  of  potassium,  3  parts  of 
water,  3  parts  of  rodinal,  to  be  added  by  drops. 

The  following  formula  are  furnished  by  John  Carbutt : 

ACID    FIXING   AND    CLEARING   BATH. 

Sulphuric  acid i  drachm. 

Hyposulphite  of  soda 16  ounces. 

Sulphite  of  soda 2         '* 

Chrome  alum* i         *' 

Warm  water 64         " 

Dissolve  the  hyposulphite  of  soda  in  48  ounces  of  water, 
the  sulphite  of  soda  in  6  ounces  of  water,  mix  the  sulphuric 
acid  with  2  ounces  of  water,  and  pour  slowly  into  the  sul- 
phite soda  solution,  and  add  to  the  hyposulphite,  then  dis- 
solve the  chrome  alum  in  8  ounces  of  water  and  add  to  the 
bulk  of  solution,  and  the  bath  is  ready.  This  fixing  bath 
will  not  discolor  until  after  long  usage,  and  both  clears  up 
the  shadows  of  the  negative  and  hardens  the  film  at  the 
same  time. 

After  negative  is  cleared  of  all  appearance  of  silver 
bromide,  wash  in  running  water  for  not  less  than  half  an 
hour  to  free  from  any  trace  of  hypo,  solution.  Swab  the 
surface  with  wad  of  wet  cotton,  rinse  and  place  in  rack  to 
dry  spontaneously. 

*  During  cold  weather  use  only  ^  ounce  of  chrome  alum  in  above. 
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CLEARING     S(JLUTION    Ti)     REMOVE     YELLOW    STAIN   CAUSED 
BY   DEVELOPER. 

Water 20  ounces. 

Sulphate  of  iron 3         " 

Sulphuric  acid i         *' 

Alum I 

If,  after  developing  and  fixing  the  negative,  it  is  found  to 
be  stained  yellow  from  the  pyro.  or  hydrochinon  developer, 
first  wash  well  to  remove  hyposulphite,  then  immerse  in 
above  solution  until  the  stain  is  removed;  again  wash  well, 
and  dry. 

It  will  improve  lantern  slides  to  immerse  them  for  a  few 
minutes  in  the  clearing  solution  after  being  well  freed  from 
hyposulphite. 

INTENSIFYING     SOLUTION. 

Intensification, — With  correct  exposure  and  development, 
intensification  need  never  be  resorted  to.  The  following 
formula  is,  however,  very  effective,  and  the  most  permanent 
of  all  methods. 

No.   I. 

Bichlor.  mercury 240  grains. 

Chloride  ammonia 240       ** 

Distilled  water 20  ounces. 

Xo.  2. 

Chloride  ammonia 240  grains. 

Water 20  ounces. 

No.  3. — Cyanide  Silver  Solution. 

Distilled  water 6  ounces. 

Cyanide  potass,  c.  p 60  grains. 

Distilled  water 2  ounces. 

Nitrate  of  silver 60  grains. 

l\)ur  the  silver  into  the  cyanide  solution  while  stirring, 
and  mark  bottle  **  Poison.'* 

Let  the  plate  to  be  intensified  wash  for  at  least  half  an 
hour,  then  lay  in  a  5  per  cent,  solution  of  alum  for  ten  min- 
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utes,  and  again  wash  thoroughly;  this  is  to  insure  the  per- 
feet  elimination  of  the  hypo.  The  least  trace  ol  yellow- 
ness after  intensifying  shows  that  the  washing  was  not  suf- 
ficient. 

Flow  sufficient  of  No.  i  over  the  negative  to  cover  it, 
and  allow  to  either  partially  or  entirely  whiten ;  the  longer 
it  is  aUoived  to  act^  the  tpiore  intaise  will  be  the  result;  pour 
off  into  the  sink,  rinse,  and  flow  over  No*  2,  and  allow  to 
act  one  minute;  wash  off,  and  pour  over  or  immerse  in  No. 
3  until  changed  entirely  to  a  dark  brov\^n  or  black.  No.  3 
can  be  returned  to  its  bottle,  but  Nos.  i  and  2  had  better  be 
thrown  away.     Wash  thoroughly  and  dry. 

REDUCTION. 

If,  in  cases  of  errt>r  in  development,  the  negative  is 
too  intense,  the  high  lights  may  be  safely  reduced  by 
the  method  of  Mr.  Howard  Farmer,  viz. :  Ferricyanide  of 
potassium  (red  prussiate  of  potash)  1  ounce,  water  16 
ounces  ;  hyposulphite  ol  soda  i  ounce,  water  16  ounces. 
Immerse  the  negative  in  sufficient  hypo,  solution  to 
cover  it,  to  which  have  been  added  a  few  drops  to  each 
ounce  of  the  above  ferricyanide  solutK  n ;  the  speed  of  re^ 
ditction  depends  on  the  quantity  of  ferricyanide  present.  When 
sufficiently  reduced  wash  thoroughly.  To  reduce  locally, 
apply  the  mixed  solution  to  the  wet  negative  with  a  camel's 
hair  brush  to  the  parts  requiring  reducing. 

WHY    ARE   STEREOSCOPIC   PRINTS    TRANSPOSED? 

This  problem,  although  very  simple,  is  somewhat  puzzling. 
The  stereoscopic  prints  are  transposed  to  bring  them  into  the 
position  the  object  occupies  when  seen  with  the  eyes.  The 
two  pictures  numbered  i  and  2  represent  the  view  as  seen 
with  the  two  eyes,  the  one  marked  **  L  "  showing  the  view 
as  it  appears  to  the  left  eye  and  the  one  marked  *'  R  '*  show- 
ing the  view  as  it  appears  to  the  right  eye.  Each  tube  of  the 
stereoscopic  camera  inverts  its  own  view;  therefore,  when 
these  pictures  are  turned  a  half  revolution  in  their  own  planes, 
'  as  shown  in  the  second  engraving,  they  represent  the  image 


WHY   ARE   STEREOSCOPIC   PRINTS  TRANSPOSED?         31I 


while  the  right  hand  view  appears  in  front  of  the  left  eye,  as 
shown  in  Fig.  107.  It  is,  therefore,  obvious  that  to  place  these 


two  pictures  in  position  to  correctly  represent  the  views  as 
seen  by  the  eyes,  they  must  be  cut  apart  and  transposed, 
when  they  will  appear  as  in  the  first  engraving  (Fig.  I06). 


3lt  EXPCmnSNTAL  SCIENCE— APPENDIX. 

INSTRUMENT  FOR  VIEWING  LANTERN  SLIDES. 

The  photographer  or  lanternist  who  has  a  large  accumu- 
lation of  slides  loses  much  of  the  pleasure  and  profit  of  his 
cuilcction  unless  he  is  provided  with  an  instrument  of  some 

FiG^  io8. 


J 


'.-k 


'^^ 


Instrument  for  Viewing  Lantern  Slides. 


kind  (or  viewing  the  pictures  directly,  without  the  use  of  a 
lantern.  Several  instruments  of  this  character  have  been 
ile vised,  most  of  which  admit  of  the  use  of  only  one  eye, 
thus  making  the  examination  of  the  views  tiresome  and  un- 
8ati$factor)\ 

Fig,  ic%H  sho^^*s  a  very  convenient  instrument  for  this 
purpi^e,  in  which  both  eyes  are  used,  giving  an  eflFect 
which   is  almi>si   stereoscopic.    The  instrument,  which   is 
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shown  in  section,  consists  of  two  tin  tubes  sliding  one 
within  the  other  telescopically,  and  mounted  adjustably  on 
a  standard.  The  lower  end  of  the  tube  is  provided  with 
two  grooved  guides  similar  to  those  used  in  the  lantern  for 
receiving  slides.  In  the  outer  guide  is  placed  a  piece  of 
fine  ground  glass,  and  the  slides  are  inserted  in  the  inner 
guide.  Below  the  ground  glass  is  hinged  a  reflector  for 
throwing  the  light  through  the  ground  glass  and  slide. 
To  the  upper  end  of  the  telescopic  tube  is  fitted  a  wooden 
ring  in  which  is  placed  a  plano-convex  lens,  with  the  plane 
side  out*  It  is  of  sufficient  diameter  to  admit  of  the  use  of 
both  eyes  in  viewing  the  slide,  and  has  a  convenient  focal 
length.  Over  the  glass  is  placed  a  screen  of  black  paper, 
with  two  apertures  of  about  the  size  and  shape  of  the  lenses 
of  an  eyeglass,  as  shown  at  2,  and  around  the  opening  in  which 
the  lens  is  placed  is  arranged  a  hood  for  screening  off  ex- 
traneous light.  The  diameter  of  the  plano-convex  lens  is  45^ 
inches  and  its  focal  length  is  i;  inches;  the  telescopic  tube 
is  5  inches  in  diameter,  and  when  extended  for  use  has  a 
length  of  10  to  12  inches. 

By  thus  placing  the  plane  side  of  the  lens  out,  and  ar- 
ranging the  slide  within  the  focus  of  the  lens,  the  spherical 
aberration  is  almost  overcome,  and  both  eyes  are  enabled  to 
view  the  picture.  The  effect  is  very  satisfactory,  and,  as 
the  view  is  considerably  enlarged,  at  the  same  time  being 
seen  with  both  eyes  at  short  range,  the  picture  appears 
practically  stereoscopic.  With  daylight  only  the  plane 
mirror  is  required  for  proper  illumination  when  the  light 
comes  from  the  sky  or  some  plain  light  colored  surface,  but 
for  lamp  or  gas  light  the  lamp  should  have  a  plain  porcelain 
or  ground  glass  globe,  or  a  piece  of  smooth  white  paper 
should  be  laid  ovxr  the  mirror  to  furnish  light  of  the  charac- 
ter required, 

THE   HELIOCHROMOSCOPE. 


Although  photography  in  colors  is  not  yet  an  accom- 
plished fact,  and  although  none  of  the  experiments  encourage 
the  hope  of  its  early  accomplishment,  yet,  by  a  very  interest- 
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three  colors,  and  when  viewed  through  an  instrument  pro 
vided  with  red,  trreen  and  viulet  colored  screens,  and  fur* 
nished  with  means  for  blendinfj  the  three  images  into  one, 
all  the  colors  of  the  subject  are  shown. 

The  simple  instrument  by  which  these  pictures  are  super- 
imposed is  shown  in  Fig.  109,  and  the  arrangement  of  the  in- 
ternal parts  is  shown  in  Fi^.  iio.  In  the  lower  part  of  this 
figure  is  seen  the  triple  transparency,  or  "  chromogram/'  as 
the  inventor  chooses  to  call  it.  Above  the  three  images  are 
arranged  three  colored  screens,  marked  R,  G,  and  V.  The 
image  below  R  is  transparent  to  red^  but  opaque  to  other 
colors,  except  in  so  far  as  it  enters  into  combination  with  the 
other  colors  to  produce  intermediate  tints.  The  same  is  true 
of  the  image  below  the  colored  screen,  G,  this  photographic 
image  being  transparent  to  green  and  to  other  colors  only 
as  green  combines  with  other  colors  to  produce  intermediate 
shades.  The  same  also  applies  to  the  picture  under  the  violet 
screen,  it  being  transparent  to  violet  and  opaque  to  the  other 
colors. 

After  passing  the  colored  screens,  the  images  are  super- 
imposed by  a  series  of  transparent  and  opaque  mirrors.  By 
following  the  line  of  the  light  beam  passing  through  the  red 
color  screen,  it  will  be  seen  to  impinge  on  an  opaque  mirror 
near  the  top  of  the  instrument,  whence  it  is  reflected  to  the 
upper  surface  of  a  transparent  mirror,  thence  upward  through 
the  eyepiece.  The  light  passing  through  the  green  screen  is 
received  on  an  opaque  mirror  and  reflected  to  another  opaque 
mirror  at  the  center  of  the  apparatus,  from  which  it  is  re- 
flected through  the  tw^o  transparent  mirrors  above  it  to  the 
eyepiece.  The  light  beam  passing  thnjugh  the  violet  screen 
is  reflected  by  an  opaque  mirror  to  the  transparent  mirror 
at  the  center  of  the  instrument,  thence  upw^ard  through  the 
transparent  mirror  to  the  eyepiece.  Thus  by  means  of  opaque 
and  transparent  mirrors  the  three  colored  images  are  super- 
imposed, and  by  means  of  the  transparent  and  semi-trans- 
parent portions  of  the  picture,  the  amount  of  light  from  each 
portion  of  the  image  requisite  for  producing  the  colors  and 
their  gradations  is  thus  made  to  pass  through  the  screens* 
mirrors  and  eyepiece  to  the  eye*     A  reflector  is  placed  un- 
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giving  every  color  and  every  possible  gradation  of  light  and 
shade  as  faithfully  as  the  object  itself  would  do  under  the 
most  favorable  circumstances. 

The  inventor  states  that  the  chromogram  is  a  photograph 
made  in  a  special  camera,  with  no  more  operations  than  arc 
required  to  make  an  ordinary  photograph,  so  that  we  are  led 
to  believe  that  before  very  long  amateurs  having  the  special 
camera  and  the  instrument  through  which  to  view  the  pic- 
tures will  be  able  to  show  pictures  in  natural  colors  as  readily 
as  they  can  now  show  stereoscopic  views. 

Mr.  Ives,  by  means  of  different  apparatus,  has  projected 
photographs  in  colors  on  the  screen  where  they  could  be 
viewed  by  a  large  number  of  spectators. 

It  is  an  interesting  fact  that  a  triple  negative  placed  in 
the  instrument  in  place  of  the  positive  shows  colors  comple- 
mentary to  those  belonging  to  the  object. 

EQUATORIAL   STAND    FOR   SMALL   TELESCOPES. 

One  hour's  use  of  an  equatorially  mounted  telescope  will 
convince  the  amateur  telescopist  who  has  been  used  to  the 
altazimuth  stand  that  the  advantages  possessed  by  the  equa- 
torial are  very  great.  The  ease  with  which  an  object  may 
be  followed,  and  the  facility  with  which  a  star  can  be  found, 
when  the  mounting  is  provided  with  graduated  circles,  which 
may  even  be  crude,  warrant  the  outlay  if  the  stand  be  pur- 
chased, or  the  labor  and  expense,  if  the  amateur  should 
choose  to  n^ake  the  stand  with  his  own  hands. 

The  writer,  adopting  the  latter  plan,  constructed  a  very 
satisfactory  equatorial  stand,  using  stopcocks  for  the  two 
axes,  as  shown  in  perspective  in  Fig.  1 1 1  and  in  detail  in  Figs. 
112  and  113,  and  although  the  construction  may  be  readily 
understood  by  reference  to  the  illustrations,  a  few  words 
of  explanation  may  be  of  service. 

The  telescope  for  which  the  stand  was  made  has  a  3-inch 
objective  with  focal  length  of  40  inches.  The  tube,  which  is 
of  brass,  is  re-enforced  by  an  internal  plate,  held  in  place  by 
screws,  and  this  plate  receives  the  screws  by  which  the 
attachment  to  the  stand  is  made. 

On  the  top  of  the  wooden  part  of  the  stand  rests  a  brass 


Between  the  plates,  B,  is  placed  a  f  gas  service  cock,  C, 
the  ends  of  which  are  plugged,  and  the  square  ends  of  the 
plugs  are  turned,  forming  trunnions,  which  enter  the  perfo- 
rations of  the  plates,  B,  but  do  not  pass  quite  through.  The 
trunnions  arc  tapped  to  receive  screws,  on  which  are  placed 
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washers,  which  bear  against  the  ptateSi  B,  and  clamp  ihem 
against  the  ends  of  the  sto])cock%  which  is  faced  off  so  that  it 
is  of  exactly  the  same  length  as  the  bhjck,  A.  The  trunnions 
form  the  axis  on  which  the  telescope  is  tilted  to  adjust  it  fi>r 
latitude,  and  one  of  the  angles  of  the  hexagon  end  uf  the 
stopcock  is  filed  off  even  with  the  rounded  upper  end  ol 
the  adjoining  plate.  B,  and  a  line  is  drawn  across  the  plate 
and  stopcock  when  the  polar  axis  of  the  telescope  is  parallel 
with  the  earth  s  axis,  so  that  readjustment  may  be  made 
without  trouble. 

The  plug,  D,  of  the  stopcock,  C,  has  a  projectnig  end, 
having  one  flat  side,  to  which  is  fitted  the  usual  washer,  a. 
This  washer  is  turned  down  to  receive  the  disk,  b,  which  is 
soldered  to  the  washen  The  disk,  ^,  is  faced  with  wash 
leather.  The  end  of  the  plug,  D,  which  is  threaded  to  re- 
ceive the  nut,  when  the  stopcock  is  applied  to  its  intended 
use,  is  covered  with  a  piece  of  tubing  soldered  to  the  screw, 
antl  turned  off  to  receive  the  worm  vvheeh  E,  which  turns 
freely  thereon. 

To  the  end  of  the  plug,  D,  is  fitted  a  cap,  F,  which  is  held 
in  place,  and  made  to  exert  more  or  less  pressure  on  the 
worm  wheel,  E,  by  the  thumbscrew,  c\  which  enters  the  end 
of  the  plug  and  bears  on  the  cap.  The  cap,  F,  is  perforated 
to  receive  two  studs  projecting  from  the  end  of  the  plug. 

On  the  siTialler  end  of  the  stopcock  casing  is  soldered  a 
perforated  plate,  G.  which  supports  the  bearings  (or  the 
worm,  H.  This  worm  engages  the  worm  wheel,  E,  and  its 
axis  is  prolonged  beyond  the  bearings,  to  receive  the  uni- 
versal  joint,  ^,  of  the  rod,  I,  this  rod  being  of  sufficient  length 
to  be  easily  grasped  by  the  observer.  The  squared  end  of 
the  plug.  D,  which  is  intended  for  receiving  the  key  by 
which  the  plug  is  turned,  is  in  this  case  turned  and  threaded 
to  fit  the  bushing,  r,  inserted  in  one  end  of  the  stopcock,  C, 
The  other  end  of  this  stopcock  is  cut  off,  and  the  opening 
thus  left  is  closed  b}*  means  of  solder.  The  plug,  D',  of  this 
5^opcock  is  unchanged  so  far  as  the  threaded  smaller  end 
and  washer  and  nut  are  concerned,  but  the  nut,/,  is  slotted 
in  diametrically  opposite  corners  to  receive  wings  which  are 
soldered  therein.     The  square  end  ot  the  plug,  D',  is  turned 
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pieces,  held  in  proper  relation  to  each  other  by  arms,  i,  sol- 
dered to  the  back  of  the  circle. 

This  arrangement  allows  the  circle,  K',  to  swing  freely. 
The  hexagon  end  of  the  stopcock,  C\  which  receives  the 
bushing,  ^,  is  turned  to  receive  the  ring,/,  carrying  a  beveled 
index  piece,  ^,  about  i  inch  wide.  A  line  drawn  down  the 
face  of  the  piece,  ^,  serves  as  an  index.  In  a  similar  way  a 
ring,y',  fitted  to  the  boss,  ^,  serves  to  carry  an  index  for  the 
circle,  K'. 

The  circles  here  shown  are  electrotypes  made  from  a 
galvanometer  scale,  soldered  to  brass  plates  and  silvered, 
some  black  varnish  being  rubbed  into  the  graduations  to 
render  them  more  distinct. 

The  equatorial  mounting  is  secured  to  the  head  of  the 
wooden  stand  by  the  rod,  7',  screwed  into  the  block.  A,  and 
provided  with  a  milled  nut  on  its  lower  end. 

In  Fig.  I II  the  mounting  is  show^n  adjusted  for  the  lati- 
tude of  New  York,  40""  41'.  The  screw,  r,  and  nut,/,  being 
loosened,  and  the  polar  axis  being  parallel  with  the  earth's 
axis,  the  telescope  is  pointed  to  a  star  or  other  object,  when 
the  nut,/,  is  tightened,  thus  clamping  the  declination  axis. 
The  screw,  r,  is  also  tightened,  when  the  instrument  will  be 
made  to  follow  the  object  by  turning  the  screw,  H. 

Although  the  slow  movement  is  of  great  utility,  it  may 
be  omitted  and  the  instrument  may  be  guided  by  the  hand. 
The  mounting  may  be  further  simplified  by  omitting  the 
graduated  circles,  and  still  possess  great  advantages  over 
the  altazimuth  mounting. 

A  stand  formed  of  J  service  cocks  is  large  enough  for  a 
3-inch  telescope.  It  has  a  smooth  and  steady  motion  and 
docs  not  vibrate.  There  is,  however,  no  objection  to  the 
use  of  larger  stopcocks. 

It  is  hardly  practicable  to  apply  a  driving  clock  to  a 
small  tclescc^pe,  mmintcd  upon  a  tripod.  Amateurs  have 
ai>|>licd  mechanism  of  ditTerent  kinds,  however,  that  seems  to 
answer  a  purpose,  but  none  of  these  appliances  would  seem 
suitable  tor  really  serious  work. 

One  ot  the  simplest  devices  for  the  purpose  consists  of  a 
rubber  gas-bag  tilled  with  air  and  furnished  with  a  weighted 
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board  connected  with  the  telescope,  the  bag  being  pro- 
vided with  a  valve  having  a  very  small  opening  for  the 
escape  of  ain  The  escape  of  air  is  regulated  so  as  to 
cause  the  telescope  to  lollow  the  object  and  keep  it  in  the 
field. 

Another  plan,  said  to  be  effective,  is  that  of  using  quick- 
sand in  a  cylinder  having  a  small  regulable  discharge  open- 
ing, and  placing  mi  the  sand  a  weighted  piston  which  is 
connected  with  the  telescope.  It  is  stated  that  the  flow  of 
quicksand  can  be  so  regulated  as  to  keep  the  object  in  the 
field  for  a  hall-hour  or  an  hour. 

The  hints  here  given  may  servx  as  suggestions.  The 
amateur  may  carry  out  the  work  in  different  ways-  The 
reader  is  referred  to  Gibson*s  **  Amateur  Telescopists 
Handbook'*  for  simple  instructions  for  using  and  adjusting 
the  equatorially  mounted  telescope. 

StMFLE    LAMi'    SdLKKr    AM*    KHKr»STAT, 


In  the  annexed  engravings.  Fig.  114  represents  a  simple 


and  efficient  electric  lamp  socket,  de- 
signed for  use  in  experimental  work  and 
in  places  where  an  ornamental  socket  is 
not  required.  It  consists  simply  of  a 
small  w^ooden  cylinder  in  which  is  in- 
serted the  end  of  a  brass  wire,  the  pro- 
jecting portion  of  which  is  bent  to  form 
a  helical  coil  which  fits  the  thread  of 
the  base  of  an  Edison  incandescent  lamp. 
In  the  wooden  cylinder  is  inserted  an- 
other brass  wire  ol  the  same  size,  which 
is  annealed,  flattened,  and  bent  over  the 
end  of  the  block  as  shown,  to  form  the 
second  connection  of  the  lamp. 

To  the  ends  of  the  wires  projecting 
below  the  wooden  cylinder  are  soldered 
the  ends  of  the  flexible  cord  which  con- 
veys the  current  to  the  lamp.  By 
screwmg  the  lamp  down  in  the  socket, 


Fig,  X14. 
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Simple  Lamp  Socket. 
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the  button  at  the  bottom  is  brought  into  contact  with  the 
flattened  wire  and  the  circuit  is  completed.  By  unscrewing 
the  lamp,  the  circuit  is  broken. 

A  convenient  rheostat  for  experimental  purposes  is 
shown  in  Fig.  1 15.  A  number  of  coiled  wire  sockets  are  at- 
tached to  a  board  and  connected  with  a  wire  leading  to  one 
of  the  binding  posts  at  the  end  of  the  board,  A  correspond- 
ing number  of  flat  copper  strips  are  secured  to  the  board 
and  soldered  to  a  wire  leading  to  the  other  binding  post. 
Any  one  or  all  of  the  lamps  may  be  screwed  down  in  their 
sockets  so  as  to  throw  them  into  the  circuit.     Lamps  of  any 

Fig.  Its. 


Rlicostal  Forroed  of  Lamps, 


resistance  may  be  used,  so  that  the  rheostat  can  be  adapted 
to  the  current  to  be  controlled. 

With  one  lamp  in  the  circuit,  the  resistance  thrown  in 
will,  of  course,  be  that  of  the  lamp  ;  with  two  lamps  of  the 
same  resistance*  half  that  amount :  with  three  lamps,  one- 
third,  and  so  on  ;  /.  i\,  each  lamp  thrown  in  in  parallel  will 
increase  the  conductivity  and  diminish  the  resistance  of  the 
rheostat, 

It  is  not  essential  that  all  of  the  lamps  should  be  of  the 
same  resistance.  When  lamps  of  different  resistances  are 
used,  their  joint  conductivity  is  ascertained  by  adding  the 
reciprocals  of  their  resistances  together.  The  reciprocal  of 
this  equals  the  joint  resistance  in  ohms.  For  example^ 
take  three  lamps  or  combinations  of  lamps  having  resist- 
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ances  of  50,  150,  and  200  ohms  respectively.  The  recipro- 
cals of  these  numbers  are  1-50,  1-150,  and  1*200,  the  sum  of 
which  is  19-600*  The  reciprocal  of  this  is  600-19;  joint  re- 
sistance of  three  lamps  in  parallel  will  therefore  be  31*6  ohms* 
Where  resistance  greater  than  that  of  one  lamp  is  required* 
two  or  more  lamps  may  be  connected  in  series, 

HAND    FEED    ELECTRIC    LAMP    FOR    LANTERNS. 

While  a  good  automatic  lamp  is  undoubtedly  preferable 
to  a  hand  lamp  for  uses  necessitating  the  absence  of  the 
operator  from  the  vicinity  of  the  lamp,  it  is  certain  that  an 
ordinary  hand  lamp  is  not  to  be  despised,  and  when  the  hand 
feed  is  supplemented  with  a  magnetic  device  for  striking  the 
arcj  the  difference  between  the  two  types  of  lamps  referred 
to  is  not  to  the  disadvantage  of  the  hand  lamp  when  the  lat- 
ter is  used  in  a  lantern  or  for  some  other  purpose  which 
permits  the  operator  to  remain  near  the  lamp,  so  that  he 
may  adjust  it  at  intei^als  of  about  four  or  five  minutes, 

The  lamp  shown  in  the  illustration  has  been  used  for  an 
entire  evening  without  a  flicker.  The  upper,  or  positive, 
carbon  is  cored,  and  the  lower,  or  negative,  is  solid,  hard 
CarrtJ  carbon. 

On  the  threaded  rod  extending  upward  from  the  base 
plate  is  placed  the  sleeve,  a,  which  is  connected  with  the 
slide  holder  so  as  to  have  a  slight  inclination,  as  is  usual  in 
lamps  for  lanterns Jn  order  to  expose  more  of  the  face  of  the 
crater  of  the  upper  carbon.  The  slide  holder  contains  two 
slotted  slides;  the  one  holding  the  upper  carbon  being  7^ 
inches  long,  the  one  holding  the  lower  carbon  being  5 J  inches 
long,  each  being  li  inches  wide*  To  the  lower  end  of  the 
lower  slide  at  6  is  pivoted  an  arm  extending  outwardly  and 
supporting  the  lower  carbon-holding  socket.  To  the  arra 
near  the  joint  thereof  is  secured  an  upwardly  extending  stud 
carrying  an  armature*  An  electromagnet  having  an  elon- 
gated  yoke  is  supported  in  front  of  the  armature  by  brass 
studs  attached  to  a  brass  cross-arm  fixed  to  the  lower  slide. 
A  curved  brass  spring  fastened  to  the  armature  bears  on  the 
poles  of  the  magnet  and  serves  the  double  purpose  of  throw- 
ing the  armature  back  and  the  carbon  upwardly  when  the 


arm  extending  ouiwaixlly  and  supporting  an  insulated  car* 
biubhtkidinj^  socket.  These  sockets  are  connected  with  their 
respective  arms  by  l>oltSs  which  are  surrounded  with  soap- 
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Stone  insulators  provided  with  flanges  which  separate  the 
sockets  and  the  arms.  The  heads  of  the  bolts  are  insulated 
by  means  of  mica  washers.  The  holes  throue^h  which  the 
bolts  extend  are  made  oblong  to  permit  of  adjusting  the  car- 
bons in  a  way  to  secure  the  best  results,  that  is,  by  arrang- 
ing the  point  of  the  lower  carbon  so  that  it  will  be  slightly 
in  front  of  the  axial  line  of  the  upper  carbon  when  the  lamp 
is  in  operation. 

In  the  slots  of  the  carbon-holding  slides  are  secured 
racks,  which  engage  pinions  on  the  spindle  journaled  in  the 
slide  holder  (No.  2).  The  pinion  for  the  lower  carbon  slide 
has  half  as  many  teeth  as  there  are  in  the  pinion  for  the 
upper  slide,  so  that  when  the  spindle  is  turned  by  the  rub- 
ber hand  wheel,  the  carbons  are  moved  in  proportion  to 
their  relative  consumption. 

To  an  insulating  strip  attached  to  the  back  of  the  slide 
holder  are  secured  two  binding  posts  for  receiving  the  wires 
connecting  the  lamp  with  the  current  supply.  One  binding 
post  is  connected  with  one  terminal  of  the  magnet,  and  the 
other  terminal  of  the  magnet  is  connected  with  the  lower 
carbon  socket.  The  other  binding  post  is  connected  wiih 
the  upper  carbon  socket. 

The  magnet  is  wound  with  coarse  wire  (No.  16  or  No.  14), 
and  the  armature  is  adjusted  to  pull  down  the  lower  carbon 
about  one-eighth  of  an  inch.  The  carbon-holding  sockets  are 
formed  of  square  brass  tubing,  with  a  screw  at  one  angle 
which  forces  the  carbon  toward  the  opposite  angle,  and  thus 
centers  and  aligns  the  carbons. 

The  Edison  direct  current  is  suited  to  this  lamp  when 
about  fifteen  ohms  resistance  is  introduced  in  series  with  the 
lamp.  A  suitable  range  of  current  is  eight  to  twelve  am- 
peres. 

A  rheostat  like  that  shown  on  page  509,  having  iron  wire 
coils  large  enough  to  carry  the  current,  say  No.  14,  will  be 
found  convenient.  If  compactness  is  desirable,  the  rheostat 
may  be  made  of  German  silver  wire,  the  resistance  of  which 
is  more  than  twice  that  of  iron. 

The  great  advantage  of  the  arc-striking  device  is  that, 
after  the  carbons  touch,  the  arc  is  instantly  formed  of  the 
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right  length,  thus  saving  the  trouble  of  any  fine  adjustment 

by  hand,  and  avoiding  the  possibility  of  any  long  continu- 
ance of  a  heavy  current  on  the  circuit.  A  very  slight  turn 
uf  (he  adjusting  spindle,  once  in  about  four  minutes,  insures 
perfect  steadiness.  It  is  well  to  form  a  habit  of  thus  regu- 
lating the  arc  after  each  change  of  slides.  The  illustrations 
are  approximately  one-third  size. 

UNSCIENTIFIC   AND   SCIENTIFIC   DIVINING   RODS- 

Notwithstanding  the  tendency  of  scientific  knowledge 
and  general  enlightenment  to  dissipate  superstition,  the  pro- 
portion of  believers  in  certain  kinds  of  demonstrations  attri- 
buted to  the  supernatural  is  beyond  belief ;  yet  when  we  find, 
on  investigating  the  subject,  that  manv  coincidences  have 
occurred  which  seem  to  establish  the  claims  of  the  advocates 
of  such  beliefs,  it  is  no  wonder  that  some  of  these  notions 
gain  credence,  especially  in  view  of  the  fact  that  the  majority 
of  nn successful  experiments  are  never  made  known. 

The  divining  rod^ — so  called — is  a  very  ancient  device,  but 
the  belief  in  its  efficiency  is  as  strong  to-day  as  it  ever  was, 
yet  there  is  no  scientific  reason  why  it  should  be  of  any  use 
whatever  iov  any  of  the  purposes  to  which  it  is  applied.  The 
ancient  divining  rod  consisted  of  a  forked  twig  of  hazel,  apple, 
or  any  fruit.!>caring  tree.  It  was  held  in  the  hands  with  the 
branches  both  lying  normally  in  the  ^me  horizontal  plane, 
with  the  crotch  pointed  either  toward  or  away  from  the 
IkhW  of  the  operati>r.  It  was  carried  in  this  position  over 
the  ground,  and  whenever  the  forked  twig  bent  downwardly 
it  indicated  proximity  to  water,  minerals  or  metals.  The 
same  performance  is  gone  through  wnth  in  these  times,  and 
we  often  hear  of  remarkable  successes  attained  by  modem 
operators.  These  successes  are  due  partly  to  the  good  judg- 
ment of  the  ojierator,  but  mostly  to  sheer  luck  or  chance. 
The  dipping  of  the  rml  is  not  due  to  the  action  of  the  water 
or  minemls.  but  to  the  voluntary  or  involuntary  movement 
ot  the  muscles  of  the  hands  and  arms.  If  we  assume  that 
the  oi>crator  is  honest,  we  must  admit  the  movements  to  be 
tnvohmtairy.  In  using  the  nxt,  the  hands  are  held  in  a 
str»in«Hl,  unnatural  positkm,  which  renders  it  very  difficult 
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to  hold  the  twi^  f(jr  any  ^reat  length  of  time  in  the  pre- 
scribed posititin  without  causing  the  muscles  to  twitch  and 
thusi  compel  the  branch  to  dip. 

The  forked  twig  is  not  the  only  device  in  which  con, 
fidence  has  been  misplaced.  Bamboo  rods  with  lodestonc 
in  one  end  and  mercury  in  the  other  are  expected  to  dip  for 
precious  metals  and  water.  A  pendulum,  formed  of  a  vial 
filled  with  the  kind  of  ore  looked  for  and  suspended  by  a 
string,  is  supposed  to  be  able  to  vibrate  in  a  line  leading  to 
the  ore  deposit,  provided  the  device  is  used  by  an  expert; 
but  it  is  needless  to  say  these  are  as  worthless  as  the  forked 
twig. 

The  dipping  needle  is  used  for  the  discovery  of  iron  ore, 
but  gold  and  silver  produce  no  effect  on  it.  The  only  ap- 
paratus likely  to  produce  results  of  any  value  in  searching 
for  precious  or  non-magnetic  metals  is  some  form  of  elec* 
trical  induction  apparatus,  but  such  apparatus  must  neces- 
sarily be  very  large  to  act  over  any  considerable  distance. 
Hughes*  induction  balance,  described  elsewhere  in  these 
pages,  has  been  modified  to  adapt  it  to  use  as  an  ore 
finder. 

As  very  little  has  been  said  about  this  apparatus,  it  is 
reasonable  to  suppose  it  failed  to  become  an  important 
factor  in  the  search  for  precious  metals ;  however,  it  seems 
clear  that  any  one  having  the  secret  of  finding  hidden  treas- 
ure in  the  shape  of  ore  or  coin  would  not  impart  the  secret 
readily  to  any  or  all  of  the  host  of  inquirers  desiring  an 
easy  method  of  acquiring  riches.  The  value  of  such  pro^ 
cess  would  be  beyond  estimation,  as  it  could  be  used  not 
only  to  discover  riches  secreted  by  the  hand  of  man ;  it 
could  also  be  utilized  in  bringing  to  light  the  precious 
metals  hidden  b}*  Nature  in  the  earth.  It  might  also  be  of 
value  to  that  class  of  human  beings  who  seek  to  discover 
and  surreptitiously  draw  on  the  accumulations  of  others. 

This  apparatus,  however,  while  it  indicates  the  presence 
of  some  metal,  does  not  distinguish  between  metals,  except. 
ing  as  it  acts  more  powerfully  in  the  presence  of  magnetic 
metals,  iron  or  nickel  for  example,  than  it  doe*  when  it  is 
placed  in  proximity  to  noo-roagnetic  metals  such  as  Cfold* 
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silver,  copper,  lead,  or  zinc.     It  is  therefore  not  likely  to 
lucct  the  expectations  of  hunters  for  gold  or  silver. 

In  the  engraving,  Fig,  1 17,  is  shown  an  instrument  devised 

Flu.   117. 


Electrical  Ore  Finder. 


by  the  writer,  in  which  a  coreless  indiiction  coil  of  peculiar 
construction  is  used  in  connection  with  the  telephone  for  in* 
dicating  the  presence  of  metals.  The  induction  coil  consists 
of  a  primary  coil,  preferably  of  rectangular  form,  made  of 
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coarse  wire,  No.  18,  and  connected  with  a  rapid  automatic 
circuit  breaker  and  battery.  The  secondary  coil  is  made  of 
fine  wire,  No.  36,  and  is  arranged  exactly  at  right  angles  to 
the  coarse  wire  coil.  A  telephone  is  connected  with  the 
secondary  coil.  If  the  primary  circuit  is  continuously  and 
rapidly  interrupted  while  the  coil  is  not  in  the  vicinity  of 
any  metal  or  magnetic  material,  no  sound  will  be  heard  in 
the  telephone,  as  all  the  inductive  influences  are  equal  and 
opposite ;  but  when  the  coil  is  held  in  proximity  to  a  body 
of  metal  or  magnetic  ore,  this  equilibrium  is  disturbed  and 
the  sound  is  heard  in  the  telephone. 

The  distance  through  which  this  instrument  is  operative 
depends  upon  the  diameters  of  the  coils  and  the  strength  of 
the  current  used  in  the  primary  coil.  The  larger  the  coiL 
and  the  larger  the  current,  the  greater  will  be  the  inductive 
effect.  As  the  induction  is  effective  for  only  a  few  inches  in 
an  ordinary  coil  of  6  or  8  inches  in  length,  the  instrument  is 
useful  for  minerals  lying  near  the  surface.  It  may  be  used 
to  advantage  on  the  sea  bottom,  along  cliffs,  in  wells  and 
borings,  and  upon  ground  abounding  in  metals  lying  near 
the  surface,  by  simply  causing  it  to  pass  over  or  near  such 
surfaces.  When  it  is  to  be  used  under  water,  it  must  of 
course  be  inclosed  in  a  waterproof  casing  of  non-metallic 
material.  This  instrument  is  an  induction  coil  pure  and 
simple. 

THREE   SYSTEMS   OF   ELECTRIC   DISTRIBUTION. 

Whatever  effect  patent  litigation  may  have  on  the  busi- 
ness side  of  an  invention,  it  certainly  is  beneficial  from  a 
scientific  point  of  view,  as  it  brings  out  clearly  and  con- 
cisely the  principles  involved  in  such  inventions.  A  case 
in  point  is  the  suit  of  the  Edison  Electric  Light  Company 
against  the  New  Haven  Electric  Company,  the  subject 
being  the  three-wire  system  of  electrical  distribution. 
Without  going  into  the  merits  of  the  case,  we  extract  from 
the  testimony  some  diagrams  and  condense  some  of  the 
descriptive  matter  to  illustrate  as  clearly  as  possible  three 
methods  of  electric  distribution.     The  experts  in  the  case 


\ 


Water  Analogue  of  Multiple  Arc  Arrangcm<fDL 


334  EXPERIMENTAL  SCIENCE — APPENDIX. 

have  not  only  provided  very  clear  electrical  diagrams,  but 
have  furnished  water  analogues  for  each  of  the  cases. 

In  Fig.  ii8  is  illustrated  the  series  system  commonly  em- 
ploved  in  electric  arc  lighting,  E  being  the  engine  ;  G,  the 
dynamo  or  generator ;  p  and  ;/  the  positive  and  negative 
conductors;  and  T,  P,  P,  P,  the  arc  lamps.  In  this  case,  as 
will  be  seen,  the  current  passes  from  the  dynamo  through 
all  the  lamps  in  the  series. 

In  Fig.  1 19  is  given  the  water  analogue,  in  which  E  is  the 
engine,  G  the  rotary  pump,  p  and  n  the  positive  and  nega- 
tive pipes  conveying  the  water,  P,  P,  P,  P,  water  motors 
arranged  in  series  and  operated  one  after  the  other  by  the 
water  passing  from  the  motor,  P,  to  the  motor,  P,  to  the 
motor,  P,  thence  to  the  motor,  P,  each  motor  using  its  pro- 
portion of  the  energy. 

In  Fig.  120  IS  represented  the  usual  multiple  arc  or  par- 
allel arrangement  of  incandescent  lamps,  E,  as  in  the  other 
case,  being  the  engine  ;  G,  the  generator  ;  /  and  ;/,  positive 
and  negative  conductors ;  and  P,  P,  P,  P,  lamps  taking  the 
current  from  the  positive  conductor  and  delivering  it  with 
a  certain  fall  of  potential  to  the  negative  conductor. 

In  Fig.  121  is  illustrated  the  water  analogue  of  the  multiple 
arc  system,  E  being  the  engine,  G  the  generator  or  pump, 
P,  P,  P,  I\  water  motors  taking  water  from  the  positive 
pipe  and  delivering  it  to  the  negative  pipe,  with  a  fall 
of  potential  due  to  the  amount  of  energy  absorbed  in  the 
motors. 

In  Fig.  122  are  shown  two  like  multiple  arc  systems  placed 
parallel  with  each  other,  with  the  positive  conductor  of  one 
i;vstcm  adjoining  the  negative  conductor  of  the  adjacent 
system,  the  arrows  indicating  the  direction  of  the  current 
in  each  system.  It  will  be  seen  that  if  the  same  amount  of 
oneii^v  is  absorbed  in  each  of  these  two  systems,  the 
noi;\Uivc  ci>ntUKtt)r,  k\  of  the  upper  system  must  carry 
a  noi^fative  current  exactly  equal  to  the  positive  current 
carried  in  the  conductor,  p\  of  the  lower  system,  and  the 
•nirrouts  in  these  two  conductors,  being  equal  and  opposite, 
would  !\eutrali.\^  each  other  if  carried  on  the  same  conduc- 
toi,  as  iiulii  at.  vl  \\\  l-io^.  i  j-,  in  which  the  negative  conductor. 
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«*,  and  positive  conductor,  /\  are  merged  in  one.  With 
the  generators,  G*  and  G%  arranged  in  series,  the  electromo 
tive  force  is  220  volts,  which  is  suited  to  two  1 10  volt  lamps 
in  series.  So  long  as  equal  resistances  are  placed  in  the  two 
parts  of  the  three-wire  circuit,  the  central  wire  remains 
neutral,  and  no  current  passes  in  either  direction ;  but  as 
soon  as  this  balance  is  disturbed  by  turning  off  or  adding 
one  or  more  lamps,  a  current  due  to  the  difference  in  resist- 
ance of  the  two  branches  passes  over  the  neutral  wire.  This 
system  is  aptly,  though  not  perfectly,  illustrated  by  the 
water  analogue  shown  in  Fig.  124. 

In  this  case,  two  generators  or  pumps,  G*,  G',  circulate 
the  water  in  the  system,  the  upper  outside  pipe  represent- 
ing the  positive  conductor,  the  lower  pipe  representing  the 
negative  conductor,  and  the  central  pipe  the  neutral  con- 
ductor. Upon  each  side  of  the  neutral  pipe,  and  com- 
municating with  the  outside  pipes,  are  motors  corres- 
ponding to  the  lamps  in  the  electric  circuit.  So  long  as 
the  quantity  of  water  consumed  by  the  motors  on  both  sides 
of  the  central  pipe  remains  the  same,  the  water  circulates 
by  passing  forward  through  the  upper  pipe,  through  the 
motors  and  transversely  through  the  neutral  pipe,  and  re- 
turning by  the  lower  pipe ;  but  so  soon  as  the  equilibrium 
is  disturbed  by  shutting  off  one  or  more  of  the  motors  on 
one  side  of  the  system,  the  water  which  would  have  been  re- 
quired to  run  that  motor  must  return  to  the  pumps  through 
the  neutral  pipe,  or  be  forced  outward  through  the  neutral 
pipe,  according  as  the  positive  or  negative  current  is  shut  off. 

The  Edison  company  holds  that  the  three-wire  system 
effects  a  theoretical  saving  of  62i  per  cent,  and  an  actual 
saving,  due  to  the  use  of  smaller  neutral  conductors  in 
the  feeding  portions  of  the  system,  of  at  least  75  per  cent,  in 
the  cost  of  conductors.  The  conductors  formerly  repre- 
sented the  largest  item  in  the  cost  of  the  completed  plant. 

The  value  of  the  invention  is  shown  by  the  fact  that 
almost  immediately  after  the  introduction  of  the  three-wire 
system  the  electric  lighting  business  increased  enormously, 
and  electric  lighting  was  placed  on  a  basis  which  enabled  it 
to  compete  successfully  with  gas  at  the  lowest  price. 
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SOME  EFFECTS  OF   LARGE   CURRENTS* 

During  some  of  the  earlier  experinients  with  electricity 

as  a  motive  power  for  railways,  in  which  the  rails  were  em- 
ployed as  conductors  of  the  current,  it  was  observed  that 
the  wheels  which  received  the  current  from  the  rails  had  an 
enormously  increased  traction  while  the  current  passed. 
This  was  at  first  attributed  to  the  direct  action  of  the  cur- 
rent, then  to  molecular  change  caused  by  the  electrical 
heating  of  the  surfaces  in  contact;  but  the  phenomenon  has 
never  been  fully  explained. 

The  contact  between  the  wheel  and  the  rail  under  the 
conditions  of  actual  use  upon  railways  is  scarcely  more  than 

Fig.   125. 


Appaj-atus  for  Shofring  Local  Expansion. 

a  short  line.  If  the  surfaces  were  perfect  as  well  as  infinite- 
ly hard  and  rigid ^  the  contact  would  be  simply  a  mathe- 
matical line.  In  reality  the  surfaces  in  contact  are  very 
small,  so  that  any  current  meeting  the  resistance  of  such  a 
contact  must  produce  some  heat,  which  becomes  greater  as 
the  current  is  increased.  Expermients  show  that  a  current 
of  several  amperes,  having  a  pressure  of  one  volt  or  less,  is 
required  to  secure  good  results. 

Some  interesting  facts  in  regard  to  the  local  effects  of 
large  currents  may  be  demonstrated  by  means  of  the  simple 
apparatus  shown  in  Fig.  125,  in  which  a  long  pivoted  index 
carries  a  jaw  for  holding  a  metal  plate,  a,  the  edge  of  which 
rests  at  right  angles  upon  the  edge  of  a  metal  plate,  *, 
held  by  the  fixed  jaw.     The  free  end  of  the  index  extends 
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partly  over  the  face  ot  a  scale  secured  to  the  base  of  the 

instrument.  The  two  jaws  are  insulated  from  each  other 
and  connected  by  wires  with  a  secondary  battery  or  other 
source  of  electricity  capable  of  supplying  a  six  or  eight  am- 
pere current  with  an  electro-motive  force  of  from  one  to 
two  volts.  When  this  current  passes  through  the  metal 
plates  held  by  the  jaws,  the  parts  in  contact  expand  instant- 
ly, as  shown  by  the  upward  movement  of  the  index;  and 


.J 


Rocker  for  Applied  Heat. 

when  the  current  ceases,  the  plates  immediately  contract, 
allowing  the  index  to  drop.  Although  the  distance  through 
which  the  index  moves  is  small,  it  is  measurable,  and  when 
the  minuteness  of  the  portion  of  the  metal  actually  ex- 
panded is  considered,  it  is  seen  that  the  expansion  is  very 
great-  Different  metals  are  not  ail  affected  in  the  same 
degree.  As  would  be  expected,  the  effect  of  the  same  cur- 
rent on  good  conductors,  such  as  silver  and  copper,  is  less 
than  it  is  on  iron  and  German  silver. 

The  molecular  changes  effected   in  the  metals  are  analo- 
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Fig.  137* 


^1 


gous  to  those  produced  in  the  lead  of  the  Treveljan  rocker. 
In  this  instrument,  however,  the  expansion  takes  place  in 
one  <»nly  of  the  pieces  of  metal  in  contact,  the  other  piece 
being  contracted  by  the  withdrawal  of  the  heat  by  the  cold 

metal. 

The  form  of  Trevelyan  rocker  shown  in  Figs*i26and  128 
has  been  designed  with  special  reference  to  the  comparison 
•of  the  effects  of  heat  from  an  external  source,  and  heat  gener- 
ated within  the  metal  by  the  passage  of  a  current  through  a 
point  of  resistance.  The  clamps  niounted  upon  the  upright 
metal  rods  are  arranged  for  holding  plates  of  di  fife  rent 
metals.  The  rocking  bar,  which  rests  upon  the  edges  of 
these  plates,  is  of  cylindrical  form.     In  the  side  of  the  bar, 

at  one  end,  is  formed  a  narrow 
groove  leaving  ridges  which  rest 
upon  the  edge  of  one  of  the  metal 
plates.  In  Fig,  1 26  the  dark  plate 
is  lead.  The  rocking  bar,  of  brass* 
is  provided  with  a  light  index    to 

shuw    the   vibrations.     When   this 

M^  /^  I        bar  is  lieated  by  means  of  a  flame, 

"^  ^        "  and  placed  upon  the  edges  of  the 

Modified  Rocker.  ^   f      ,    ^  -*u    *u         •  a 

metal    plates,   with   the   ndges    in 

contact  with  the  lead  plate,  it  rocks  violently,  and  if  the 
index  be  removed,  the  rocker  gives  forth  a  musical  note, 
which  continues  until  the  heat  of  the  bar  is  reduced  below 
the  operative  limit.  This  action  is  due  to  the  local  expan- 
sion of  the  lead  by  contact  with  the  ridges  of  the  heated  bar 
and  the  subsequent  rapid  cooling  of  the  lead  on  the  separa- 
tion of  the  surfaces.  These  operations  occur  with  great 
rapidity ;  the  two  ridges  alternating  in  the  production  of 
the  effects. 

If,  after  cooling  the  heated  parts,  a  heavy  current  is 
passed  through  the  standards,  the  plates,  and  the  bar,  the 
same  vibratory  motion  is  at  once  set  up,  and  while,  in  the 
case  of  the  Trevelyan  rocker,  lead  seems  to  be  the  only 
metal  available  for  one  of  the  surfaces,  in  the  electrical 
rocker  the  results  are  the  same  in  kind,  although  different  in 
degree,  with  all  the  metals  and  alloys  tried  thus  far. 
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Tu  render  the  movements  clearl)*  visible,  a  pendulum  is 
auolied  as  shown  in  Fig.  128.  The  ring  at  the  upper  end  of 
tne  pendulum  rod  is  provided  with  a  set  screw,  which  al- 
lows It  to  be  shifted  from  one  rocking  bar  to  another.  This 
arrangement  also  permits  of  placing  the  pendulum  and  bar 


Fig    128. 


J 


X 


Electrical   Rocker. 


in  working  position,  without  the  necessity  of  leveling  the 
base  of  the  instrument.  The  current  from  one  small  cell  of 
secondary  battery  or  from  two  large  bichromate  cells  con- 
nected in  parallel  circuit  is  sufficient  to  cause  the  pendulum 
to  begin  to  oscillate  from  a  state  of  rest,  and  to  increase  its 
amplitude  of  vibration  until  it  describes  an  arc  of  about  30''. 
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The  heat  generated  by  the  current  is  conducted  away  so 
rapidly  as  to  permit  of  continuous  operation. 

By  raising  the  pendulum  so  as  to  bring  the  coave3*' 
side  of  the  rocking  bar  into  contact  with  the  eoges 
of  the  plates,  and  drawing  the  bar  along  lengthwise  oi 
the  plates,  first  without  the  current  and  afterward  with 
the  current  flawing  through  the  apparatus,  a  great  increase 
in  friction  wiJ  be  noticed  as  the  current  passes,  the  in- 
creased friction  being  due  to  the  jutting  out  by  expansion  of 
points  upon  both  the  edges  of  the  plates  and  the  side  of  the 
rocking  bar. 

In  Fig.  12715  shown  a  slightly  modified  form  of  rocker  in 
which  a  plate  with  a  graduated  series  of  notches  is  used  in 
connection  with  a  cylindrical  bar. 

In  the  case  of  the  rocker  with  the  attached  pendulum  the 
taps  of  the  rocker  upon  the  edge  of  the  plate  are  as  distinct 
and  regular  as  the  ticks  of  a  French  clock. 

LONG   DISTANCE   TELEPHONY, 


The  difference  between  the  ordinary  and  the  long  dis- 
tance telephone  systems  lies  not  so  much  in  the  instruments 
used  for  transmitting  and  receiving  speech  as  in  the  lines- 
The  fundamental  thing  in  the  long  distance  telephone  is 
a  metallic  circuit.  /.  <\,  a  line  in  which  the  current  returns 
through  a  wire  instead  of  the  ground*  Another  important 
difference  is  that  the  wire  used  in  the  construction  of  the 
line  is  of  very  high  conductivity.  B\-  the  employment  of 
the  metallic  circuit  the  effects  of  induction  are  «*/;,  the 
induction  in  both  wires  being  equal  and  iii  opposite  direc- 
tions in  the  receiving  instrument,  exactly  neutralize  each 
at  hen  Where  the  long  distance  line  is  in  a  cable  con- 
taining other  lines,  the  two  wires  are  usually  twisted,  to 
*iubject  them  both  to  exactly  the  same  inductive  influence. 

These  are  important  points,  and  it  is,  of  course,  neces- 
sary  to  employ  an  efficient  transmitter*  The  one  coui- 
manly  used  on  long  distance  telephone  circuits  is  known 
as  the  "  Hunning  transmitter/'  shown  in  section  in  Fig* 
I  ^9,  for   which   we  are  indebted  to   Prescott's  *'  Electric 
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Telephone/'  The  diaphragm  cell  is  made  of  insulating 
material,  and  arranged  to  clamp  a  diaphragm,  D,  ol  thin 
platinum  foil  or  terrotype  plate,  tixe  diaphragm  being 
held  in  place  in  the  cell  by  a  ring,  A.  In  the  cell  is  ar- 
ranged a  back  plate,  B,  of  brass,  the  space  interv^ening 
between  the  back  plate,  B,  and  the  diaphragm,  D,  being 
filled  with  a  body,  G»  of  loose,  finely*  divided  conducting 
material,  preferably  finely  granulated  coke,  sifted  so  as  to  re- 
move all  fine  dust.  Oven-made  engine  coke  is  recommended 
for  this  purpose.  The  binding  screws,  C»  C,  are  placed  in 
connection  with  the  diaphragm,  D,  and  back  plate,  B. 

Fir,,     I2g. 
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The  Hunnmg  Transmitter. 

This  transmitter  may  be  used  in  a  circuit  with  a  battery 
and  Bell  receiver,  or  the  transmitter  and  battery  may  be 
arranged  in  circuit  with  the  primary  wire  of  an  induction 
coil,  the  secondary  wire  being  connected  with  the  line 
wires  extending  to  a  distant  point,  and  there  provided 
with  a  Bell  receiver.  This  transmitter  has  been  tested  by 
Prof.  Cross  along  with  the  Edison  and  Blake  transmitters, 
with  the  following  results :  The  average  strength  of  the  cur- 
rent flowing  with  the  Edison  transmitter  was  o'loo  milliam- 
pere ;  with  the  Blake  transmitter,  o'i38  milliampere;  and 
with  the  Hunning  transmitter.  0-560  milliampere. 
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SYNTONIC  WIRELESS  TELEGRAPHY.* 

The  very  rapid  advances  which  have  been  made  in  the 
art  of  teleg^raphy  through  space  continue  to  attract  much 
attention  to  this  fascinating  subject.  What  was  staled 
yesterday  to  be  impossible  has  now  become  possible,  and 
what  we  regard  as  almost  insurmountable  difficulties  may 
be  removed  in  the  immediate  future. 

It  is  my  desire  in  this  paper  to  give  a  description  of 
progress  made,  with  special  reference  lo  the  results  ob- 
tained   by    tuning    or    syntonizing    the   installations.      So 


Fig.  130 


Fig.  131 


A^ 


^-^IJStk 


—^•^ 


v/}//^^ 


lung  as  it  was  possible  to  work  only  two  installations 
wilhin  what  I  may  call  their  sphere  of  influence,  a  very 
important  limit  to  the  practical  utilization  of  the  system 
wuji  impt^scd.  With  simple  vertical  wires,  as  shown  in 
Mjf.  130  and  Fig.  13K  connected  directly  to  the  coherer  and 
%\%%\\\k  grtp  at  the  receiver  and  transmitter,  as  used  by  ray- 
4ii|l  lielore  18*)$,  no  really  satisfactory  tuning  was  possible. 
It  w*^ii,  howcvrr,  jM>ssiblc  to  obtain  a  certain  selection  of 
ttigimlfi  if  v«iriou$  stations  in  the  vicinity  used  vertical  wires 

*  X%\>^\  fMAl  bjr  Mucooi  before  tlie  Society  of  Arts. 
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differing"  very  considerably  in  length.  Thus  two  stations 
communicating  over  a  distance  of  say  five  miles  and  using 
wires  loo  feet  long,  would  not  interfere  with  the  signals 
transmitted  by  the  other  two  stations,  say  two  miles  from 
the  first,  which  were  using  aerials  only  20  feet  long  and 
communicating  over  a  distance  of  about  one  mile. 

The  new  methods  of  connecting  which  1  adopted  in 
1898 — 1.  e.  (see  Fig.  136),  connecting  the  receiving  aerial 
directly  to  earth  instead  of  to  the  coherer,  and  by  the  intro- 
duction of  a  proper  form  of  oscillation  transformer  in  con- 
junction with  a  condenser,  so  as  to  form  a  resonator  tuned 
to  respond  best  to  waves  given  out  by  a  given  length  of 
aerial  wire^ — were  important  steps  in  the  right  direction. 

I  realized  a  long  time  ago  that  one  great  difficulty  in 
achieving  the  desired  effect  was  caused  by  the  action  of  the 
transmitting  wire.  A  simple  straight  rod  in  which  electrical 
oscillations  are  set  up  forms,  as  is  well  known,  a  very  good 
radiator  of  electrical  waves.  If  this  was  in  the  beginning  an 
advantage,  by  allowing  signals  to  be  received  with  a  small 
amount  of  energy  over  considerable  distances,  it  proved 
later  to  be  one  of  the  chief  obstacles  in  the  way  of  obtaining 
good  resonance  in  the  receiver.  Now,  as  Dr.  Fleming  points 
out  so  clearly  in  his  Cantor  lectures  on  **  Electrical  Oscilla- 
tions and  Electric  Waves,"  delivered  before  this  society  in 
November  and  December  of  last  year,  there  is  in  connec- 
tion with  this  part  of  the  subject  one  point  of  great  interest, 
*'  Both  theoretical  and  experimental  research  show  that  in 
the  case  of  conductors  of  a  certain  form  the  electric  oscilla- 
tions die  away  with  great  rapidity.'*  In  all  what  we  call 
good  radiators,  electrical  oscillations  set  up  by  the  ordinary 
spark  discharge  method  cease,  or  are  damped  out  very 
rapidly,  not  necessarily  by  resistance,  but  by  electrical 
radiation  removing  the  energy  in  the  form  of  electric 
waves. 

Many  mechanical  analogies  can  be  quoted  which  will 
point  out  the  necessity  of  designing  a  persistent  oscillator, 
in  order  that  syntony  may  become  apparent  in  properly 
tuned  resonators.  Acoustics  furnish  us  with  numerous 
examples  of  this  fact,  such  as  the  resonance   effects  pro- 
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duccd  by  the  wdl-known  tuning-fork  experiment.  Other 
illustrations  of  this  principle  may  be  given,  e.  g,»  if  we  have 
to  set  in  motion  a  heavy  pendulum  b}^  means  of  small 
thrusts  or  impulses,  these  must  be  timed  to  the  period  of 
tjscillati<>n  of  the  pendulum,  since  otherwise  its  oscillations 
will  not  actjuirc  any  perceptible  amplitude.  An  illustration 
of  this  fact  occurred  to  me  some  time  ago  while  I  was 
watching  tlic  ringing  of  great  bells  in  an  Italian  cathedral. 
As  most  of  you  prcjbably  know,  the  bells  in  many  churches 
in  Italy,  as  elsewhere,  are  rung  from  the  bottom  of  the 
tower  by  means  fif  ropes  attached  to  the  bells.  The  largest 
bells  weigh  several  tons,  and  it  usually  requires  two  men  to 
work  for  perhaps  two  minutes  on  the  ropes  before  the 
combined  efTect  of  their  pulls  is  sufficient  to  get  the  bell 
to  attain  an  amplitude  large  enough  to  cause  the  hammers 
to  strike,  I  observed  on  the  occasi(*n  to  which  1  allude 
that  it  required  for  each  bell  a  number  of  well-timed  pulls 
an  the  ropes  in  order  to  get  them  to  swing,  the  larger  bells 
requiring  iinpulsL's  further  apart — i.  e., of  a  lower  frequency 
—  than  the  smaller  ones.  It  is  perfectly  obvious  that  if  the 
pulls  on  the  rtipes  had  been  wrongly  timed  it  would  have 
l*een  impossible,  with  the  same  ami>unt  oi  powxr,  to  ring 
the  bells.  The  same  kind  of  effect  happens  in  a  very  small 
fractii*n  of  a  second  (instead  of  several  minutes)  when  we 
try  to  intUice  electrical  osciliat  it  ins  in  a  good  resonator.  If 
the  form  tif  this  resonator  be  such  as  to  cause  it  to  be  a 
persistetit  vibrator — i.  e.,  one  in  which  the  electrical  oscilla- 
tions are  not  rapidly  damped  by  resistance  or  radiation  of 
waves — then  it  is  necessary  for  us  to  employ  a  number  of 
properly  timed  electrical  oscillations  radiated  from  a  per- 
sistent oscillator  tuned  to  the  period  of  the  resonator  we 
desire  to  affect.     (Figs.  138  and  139.) 

As  1  pointed  out  before,  a  transmitter  consisting  of  a 
vertical  conductor  as  shown  in  Fig,  130  is  not  a  very  per- 
sistent oscillator.  Its  electrical  cajxicity  is  ctimparatively 
so  small  and  its  capability  of  nidiating  waves  so  g^eat*  that 
the  oscJllalions  which  lake  place  in  it  must  be  considerably 
iiampeti  In  this  case  receivers  or  resonators  of  a  consider- 
ably itiflerrnt  jwriod  or  pitch  will  respond  and  be  affected 
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by  it.  From  the  results  obtained  it  would  seem  as  if  the 
transmitter  were  sending  out  a  great  variety  of  electric 
waves,  resembling  therefore  a  source  of  white  light*  and 
that  each  resonator  picks  out  and  responds  to  its  own  parti- 
cular wave  length. 

This  view,  how^ever,  is  incorrect ;  the  fact  that,  given 
certain  condititnis,  various  resonators  will  respond,  even  if 
their  period  be  different  from  the  natural  period  of  oscilla- 
tion of  a  transmitter,  is  to  be  accounted  for  by  the  con- 
sideration that  all  the  energy  of  the  transmitter  is  radiated 
in  only  one  or  two  swings*  with  the  result  that  oscillations 
may  be  induced  in  resonators  of  different  periods,  while,  if 
the  same  amnunt  of  energy  be  distributed  in  a  great  num- 
ber of  individual  feeble  impulses,  their  combined  effect  can 
only  be  utilized  or  detected  by  a  resonator  tuned  so  as  to 
respond  to  tlieir  particular  frequency.  The  tuned  resonator 
wdll  not  then  respond  to  the  first  two  or  three  oscillations. 
but  only  to  a  longer  succession  of  pn>perly  timed  impulses, 
so  that  only  after  an  accumulation  of  several  swings  the 
E,M,F,  becomes  sufficient  to  break  dowMi  the  insulation  of 
the  coherer  and  cause  a  signal  to  be  recorded. 

Notw^ithstanding  the  disadvantages  for  obtaining  elec- 
trical tuning,  attributed  to  the  form  of  transmitter  shown 
in  Fig.  130,  selection  of  messages  is  possible  when  using,  say, 
two  or  three  transmitters  having  wdres  of  considerably  dif- 
ferent lengths,  and  the  induction  coil  or  oscillation  trans- 
formers on  the  receivers  wound  with  varying  lengths  of 
wire  in  their  secondary  circuits,  in  order  to  cause  them  to 
be  in  tune  or  resonance  with  the  length  of  wave  of  the 
transmitted  oscillations,  as  pointed  out  in  my  British  patent, 
dated  June  i,  1898,  This  reads:  **It  is  desirable  that  the 
induction  coil  should  be  in  tune  or  syntony  with  the  elec- 
trical oscillations  transmitted,  the  most  appropriate  number 
of  turns  and  most  ap]in»priate  thickness  of  wire  varying 
with  the  length  of  wave  transmitted." 

The  following  experiment  which  has  been  successfully 
tried  proves  this  point.  At  St.  Catherine's,  Isle  of  Wight, 
we  had  a  transmitting  station  having  a  vertical  wire  45 
meters  long,  and  at  sea,  10  miles  from  our  receiving  station 
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at  Poole,  a  ship  with  transmitting  wire  of  27  meters.  It  is 
therefore  obvious  that  the  wave  length  of  the  electric  osciU 
latioDS  radiated  from  St.  Catherine's  differed  considerably 
from  that  radiated  from  the  ship.  Now,  if  at  the  receiving 
station  at  Poole  we  connected  to  a  vertical  wire  two  receiv- 
ers, one  having  an  induction  coil  with  secondary  in  tune 
with  the  length  of  wave  emitted  by  St.  Catherine's  and  the 
other  with  that  emitted  by  the  27-meter  feed  wire  on  the 
ship»  if  St.  Catherine's  and  the  ship  transmit  simultaneously 
two  different  messages,  these  will  be  picked  up  at  Ponle» 
and  each  message  will  be  reproduced  distinctly  on  its 
receiver. 

I  pointed  out  in  a  patent  specification  dated  December 
19,  1899,  that  the  best  results  are  obtained  when  the 
length  of  wire  of  the  secondary  of  the  induction  coils  is 
equal  to  the  length  uf  the  vertical  wire  used  at  the  trans- 
mitting station ;  therefore  the  length  of  the  secondary 
of  the  receiving  induction  coils  was  made  equal  to  that 
of  the  transmitting  wire. 

These  results,  although  in  a  w^ay  satisfactory,  did  not 
appear  to  my  mind  a  complete  sr»!ution  of  the  problem.  I 
found  it  impossible  to  obtain  the  two  messages  at  the  receiv- 
ing station,  if  the  two  transmitting  stations  were  placed  at 
equal  distances  from  it.  The  following  considerations  may 
perhaps  explain  this  failure.  If  the  27-nieter  transmit- 
ting wire  was  placed  at  the  same  distance  from  Poole 
as  the  45-meter  one— i.  e.,  31  miles — the  waves  emitted 
by  the  27-meter  wire  would  be  too  weak  when  they 
reach  Poole  to  affect  the  receiver.  On  the  other  hand,  if 
the  45-meter  transmitter  was  placed  at  10  miles  from  the 
receiver,  then  the  waves  radiated  by  it  would  be  so  strong 
as  to  affect  the  receiver  tuned  to  respond  to  the  27-meter 
transmitter,  and  blur  the  signals. 

It  thus  became  apparent  that  some  different  form  of  less 
damped  radiator  was  necessary^  in  order  to  obtain  more 
practical  and  more  useful  results* 

I  carried  out  a  great  number  of  experiments  by  adding^ 
to  the  radiating  and  receiving  wires  inductance  coil,  on  a 
principle  similar  10  that  suggested  by  Lodge  in   his  189S 
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patent,  but  without  obtaining  any  satisfactory  results.  The 
failure  was  probably  due  to  the  fact  that  the  electrical 
capacity  of  the  exposed  conductors  became  too  small 
in  proportion  to  their  inductance.  I  then  tried  various 
methods  for  increasing  the  capacity  of  the  radiating 
system.  The  first  and  obvious  mode  of  effecting  this  is 
by  an  augmentation  in  the  size  of  the  exposed  conductor, 
but  this  method  is  not  entirely  satisfactory,  in  consequence 
of  the  circumstance  that  an  increased  surface  means 
increased  facility  for  radiating  the  energy  during  the  first 
oscillations,  and  also  because  large  plates  or  large  exposed 
areas  are  impracticable  on  board  ship,  and  are  always  diffi- 
cult to  suspend  and  maintain  in  good  position  during  windy 
weather.  The  way  out  of  the  difficulty  was  discovered  by 
adopting  the  arrangement  shown  in  Fig.  132.    Here  we  have 


Fig.  132 


an  ordinary  vertical  radiator  placed  near  an  earthed  con- 
ductor, the  effect  of  an  adjacent  conductor  being  obviously 
to  increase  the  capacity  of  the  electrical  radiating  wire 
without  in  any  way  increasing  its  radiative  power;  and, 
as  I  had  expected,  syntonic  results  were  not  difficult  to 
obtain  with  such  an  arrangement.  Mention  of  this  method 
has  been  made  by  Captain  Ferrie,  one  of  the  members  of 


348 


EXPERIMENTAL  SCIENXE— APPENDIX, 


the  French  Commission  which  was  present  at  the  tests  car- 
ried out  across  tlie  EngHsh  Channel  in  1899,  in  a  paper  un 
wireless  telegraphy.  See  paper  **  Etat  Actuel  et  Progrfes 
de  la  Telegraphic  sans  Fil/'  read  before  the  Congres  Inter- 
national d' Electricity,  Paris,  1900. 

Satisfactory  results  were  obtained*  and  I  was  encouraged 
to  continue  my  researches  in  order  to  improve  the  system. 

Early  in  1900  I  obtained  very  good  results  with  the 
arrangement  shown  in  Fig,  133.  This  arrangement  is  fully 
described  in  a  British  patent  application  applied  for  by 
myself  on  March  21,  1900.  In  it  the  radiating  and 
resonating  conductors  take  the  form  of  a  cylinder,  the 
earthed  conductor  being  placed  inside*  This  form  of 
radiating  and  receiving  areas  is  much  more  efficient  than 
the  one  I  have  previously  described.  One  necessary  con- 
dition of  this  system  is  that  the  inductance  of  the  two  con- 
ductors should  be  unequal,  it  being  preferable  that  the  large 
inductance  should  be  joined  to  the  non-earthed  ctmductor. 
I  presume  that  in  order  to  radiate  the  necessary  amount  of 
energy  it  is  essential  that  there  should  be  a  difference  in 
phase  of  the  oscillations  in  the  two  conductors,  as  otherwise 
their  mutual  effect  would  be  to  neutralize  that  of  each  other. 
In  the  first  experiment  mentioned  by  Capt.  Ferrie,  this  was 
obtained  by  simply  using  an  earthed  conductor  shorter 
than  the  radiating  or  resonating  one.  When  I  used  an 
inductance  between  the  spark  gap  or  oscillation  producer 
and  the  radiating  conductor.  I  found  it  possible  to  cause 
the  electrical  period  ol  oscillation  of  the  receiving  cylinder 
to  correspond  to  that  of  one  out  of  several  transmitting  sta- 
tions, from  which  one  alone  it  would  receive  signals.  The 
results  obtained  by  this  system  have  been  remarkable.  By 
using  cylinders  of  zinc  only  7  meters  high  and  1,5  meters  in 
diameter,  good  signals  could  easily  be  obtained  between 
St*  Catherine's,  Isle  of  Wight,  and  Poole  (distance  31  miles), 
these  signals  nut  Unng  interfered  with  or  read  by  other 
wireless  telegraph  installations  worked  by  my  assistants  or 
bv  the  Admiralty  in  the  immediate  vicinity.  The  closely 
adjacent  plates  and  large  capacity  of  the  receiver  cause  it 
to  be  a  resonator  possessing  a  ver)'  decided  period  of  its 
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own-^i.  e.»  it  becomes  no  longer  apt  to  respond  to  frequen- 
cies which  differ  from  its  own  particular  period  of  electri- 
cal oscillation,  nor  to  be  interfered  with  by  stray  ether 
waves  which  are  sometimes  probably  caused  by  atmospheric 
disturbances,  and  which  occasionally  prove  troublesome 
during  the  summer. 

It  seemed  very  remarkable  to  me  during  my  first  test 
that  an  arrangement  similar  to  that  shown  in  Fig*  133  should 
prove  to  be  a  good  radiator,  and  should  enable  such  a  con- 
siderable  distance  to  be  achieved  with  cylinders  tjf  so 
moderate  a  height*    It  is  probable  that  the  great  majority  of 

Fm.  133  Fig.  134 
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ihe  electrostatic  lines  of  force  must  pass  directly  from  one 
cylinder  to  the  other,  but  it  must  be  also  true  that  a  certain 
number  leave  the  outer  part  of  the  external  cylinder^  exactly 
as  in  the  case  of  an  ordinary  radiator. 

The  receiver  is  not  shown  in  the  sketch,  but  consists  of 
similar  cylinders  to  those  used  for  transmitting  the  receiv- 
ing induction  coil  or  oscillation  transformer,  being  placed 
where  the  spark  gap  is  shown  in  Fig.  133. 

The  capacity  of  the  radiator  due  to  the  internal  con- 
ductor is,  however,  comparatively  so  large  that  the  energy 
set  in  motion   by  the  spark  discharge  cannot  all  radiate  in 
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one  or  two  oscillations,  but  forms  a  train  of  slowly  damped 
oscillations,  which  is  just  what  is  required.  A  simple  verti- 
cal wire,  as  shown  in  Fig,  130,  may  be  compared  with  a  hol- 
low sphere  of  tin  metal,  which,  when  heated,  would  cool 
very  rapidly,  and  the  concentric  cylinder  system  with  a 
solid  metal  sphere,  which  would  take  a  longer  time  to  cool. 

Mr.  W-  G.  Brown  suggested,  in  a  patent  specification 
dated  July  13,  1899,  the  use  of  two  conductors  of  equal 
length  joined  to  each  side  of  the  spark  gap,  but  he  did 
not  describe  the  inductance  in  series  between  them  and 
the  spark  gap«  which,  according  to  my  experience,  is  abso- 
lutely necessary  for  hmg  distance  work. 

Another  very  successful  syntniiized  transmitter  and 
receiver  system  was  the  outcome  of  a  series  of  experi- 
ments carried  out  with  the  discharirc  of  Leyden  jar  circuits. 
Taking  for  granted  that  the  chief  difficulty  with  the  old 
system,  as  shown  in  Fig.  130,  lies  in  the  fact,  as  already 
stated,  that  the  oscillations  are  very  dead  beat,  I  tried  by 
means  of  associating  with  the  radiator  wire  a  condenser 
circuit,  which  was  known  to  be  a  persistent  oscillator,  to 
set  u)j  a  series  of  persistent  oscillations  in  the  transmitting 
vertical  wire. 

An  arrangement,  as  shown  in  Fig.  135,  which  consists  of 
a  circuit  containing  a  condenser  and  spark  gap,  constitutes 
a  very  persistent  oscillator.  Prof,  Lodge  has  shown  us 
how,  by  placing  it  near  another  similar  circuit,  it  is  possible 
to  demonstrate  interesting  effects  of  resonance  by  the 
experiment  usually  referred  to  as  that  of  Lodge's  syntonic 
jars. 

But,  as  Lodge  points  out,  "  a  closed  circuit  such  as  this 
is  a  feeble  radiator  and  a  feeble  absorber,  so  that  it  is 
not  adapted  for  actiun  at  any  distance."  I  very  much  doubt 
if  it  would  be  possible  to  affect  an  ordinary  receiver  at  even 
a  few  hundred  yards.  It  is  very  interesting  to  notice  how 
easy  it  is  ti)  cause  the  energy  contained  in  the  circuits  of 
this  arrangement  to  radiate  into  space. 

It  is  sutTicient  to  place  near  one  of  its  sides  a  straight 
metal  rod  or  giKxl  electrical  radiator;  the  only  other  condi^ 
lion   necessary   for  long    distance  transmission  is  that  the 
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period  of  oscillation  of  the  wire  or  rod  should  be  equal  to 
that  of  the  nearly  closed  circuit. 

Stronger  effects  of  radiation  are  obtained  if  the  radiating 
conductor  is  partly  bent  around  the  circuit  including  the 
condenser  (so  as  to  resemble  the  circuits  of  a  transformer). 

I  first  constructed  an  arrangement,  as  shown  in  Fig.  141, 
which  consists  of  a  Leyden  jar  or  condenser  circuit  in 
which  is  included  the  primary  of  what  may  be  called  a 
Tesla  coil,  the  secondary  of  which  is  connected  to  the  earth 
or  aerial  conductor.  The  idea  of  using  a  Tesla  coil  to  pro- 
duce the  oscillations  is  not  new.  It  was  tried  by  the  Post 
Office  officials  when  experimenting  with  my  system  in 
1898,  and  also  suggested  in  a  patent  specification  by  Dr. 
Lodge,  dated  May  10,  1897,  and  by  Prof.  Braun,  in  the 
specification  of  a  patent  dated  January  26,  1899.  ^^7 
idea  was  to  associate  with  this  C(^mpound  radiator  a 
receiver  tuned  to  the  frequency  of  the  oscillations  set 
up  in  the  vertical  wire  by  the  condenser  circuit.  My 
first  trials  were  not  successful,  in  consequence  of  the 
fact  that  I  had  not  recognized  the  necessity  of  attempting 
to  tune  to  the  same  period  of  oscillation  (or  octaves)  the 
two  electrical  circuits  of  the  transmitting  arrangement 
(these  circuits  being  the  circuit  consisting  of  the  condenser 
and  primary  of  the  Tesla  coil  or  transformer,  and  the  aerial 
conductor  and  secondary  of  the  transformer). 

Unless  the  condition  is  fulfilled,  the  different  periods  of 
the  two  conductors  create  oscillations  of  a  different  fre- 
quency and  phase  in  each  circuit,  with  the  result  that  the 
effects  obtained  are  feeble  and  unsatisfactory  on  a  tuned 
receiver.  The  syntonized  transmitter  is  shown  in  Fig.  134. 
The  period  of  oscillation  of  the  vertical  conductor.  A,  can  be 
increased  by  introducing  turns,  or  decreased  by  diminishing 
their  number,  or  by  introducing  a  condenser  in  the  series 
with  it.  The  condenser,  r,  in  the  primary  circuit  is  con- 
structed in  such  a  manner  as  to  render  it  possible  to  vary  its 
electrical  capacity.  The  receiving  station  arrangements  are 
shown  in  Figs.  136  and  137. 

Here  we  have  a  vertical  conductor  connected  to  earth 
through  the  primary  y*  of    a  transformer,   the    secondary 
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circuit  y  of  which  is  joined  to  the  coherer  or  detector.  In 
order  to  make  the  tuning  more  marked,  I  place  an  adjustable 
condenser  across  the  coherer  in  Fig.  136.  Now,  in  order  to 
obtain  the  best  results,  it  is  necessary  that  the  free  period  of 
electrical  oscillations  of  the  vertical  wire  primary  of  trans- 
former and  earth  connection  should  be  in  electrical  reson- 
ance with  the  second  circuit  of  the  transformer,  which  in- 
cludes the  condenser. 

I  stated  that  in  order  to  make  the  tuning  more  marked  I 
placed  a  condenser  across  the  coherer.  This  condenser 
increases  the  capacity  of  the  secondary  resonating  circuit 


Fig.  135 


Fig.  136 


of  the  transformer,  and  in  the  case  of  a  large  series  of  com- 
paratively feeble,  but  properly  timed,  electrical  oscillations 
being  received,  the  effect  of  the  same  is  summed  up  until  the 
E.M.F.  at  the  terminals  of  the  coherer  is  sufficient  to  break 
dt)\vn  its  insulativMi  and  cause  a  signal  to  be  recorded. 

In  orilcr  that  the  two  systems,  transmitter  and  receiver, 
should  bo  in  tunc,  it  is  necess;iry  ^if  we  assume  the  resistance 
to  be  very  small  or  negligible'!  that  the  product  of  the 
i  ajMoiiy  and  inductance  in  all  fv)ur  circuits  should  be  equal. 
A  more  complete  and  detailed  description  of  this  svstem  is 
given  in  a  Uritish  patent  granted  to  me,  dated  April  26, 1900. 
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I  have  recently  found  that  Prof.  Braun  has.  recognized  the 
necessity  of  tuning  the  circuits  of  the  transmitter  and  receiver 
when  using  a  Tesla  coil  in  order  to  obtain  syntonic  effects, 
but  I  am  not  aware  that  such  a  proposal  was  published  prior 
to  the  description  given  in  the  above-mentioned  patent. 

Although  little  difficulty  has  been  encountered  in  measur- 
ing the  capacity  used  in  the  various  circuits,  the  measure- 
ment or  calculation  of  the  value  of  the  inductance  is  not  so 
easy.  I  have  found  it  impracticable,  by  any  of  the  methods 
with  which  I  am  acquainted,  directly  to  measure  the  induct- 
ance of,  say,  two  or  three  small  turns  of  wire.   As  for  calcu- 
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lating  the  inductance  of  the  secondary  of  small  transformers, 
the  mutual  effect  of  the  vicinity  of  the  other  circuits  and  the 
effects  due  to  mutual  induction  greatly  complicate  the 
problem. 

Experiments  have  confirmed  the  fact  that  the  receiving 
induction  coils  having  the  secondary  wound  in  one  layer  and 
at  a  certain  distance,  say,  two  millimeters  (to  cause  the 
capacity  to  be  so  small  as  to  be  negligible),  have  a  time 
period  approximately  equal  to  that  of  a  vertical  conductor 
of  equal  length  (see  patent  granted  to  G.  Marconi,  date^l 
December  19,  1899). 
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If,  therefore,  we  are  using  an  induction  coil  having  a 
secondary  40  meters  long  on  the  receiver,  I  should  use  a  ver- 
tical wire  40  meters  long  at  both  transmitting  and  receiving 
stations.  B}-  so  doing  I  have  the  two  circuits  at  the  receiv- 
ing station  in  tune  with  each  other,  and  I  only  have  to 
adjust  the  capacity  of  the  condenser  at  the  transmitter, 
which  can  easily  be  done,  either  by  means  of  a  condenser 
having  movable  plates  that  can  be  slid,  more  or  less,  over 
each  other,  or  by  adding  or  removing  Leyden  jars. 

If  we  start  with  a  very  small  capacity  which  we  gradu- 
ally increase,  a  value  of  the  capacity  will  be  reached 
which  will  cause  signals  to  be  recorded  on  the  receiver. 
Supposing  the  receiving  system  to  be  within  the  sphere  of 
action  of  the  transmitter,  then  the  signals  will  be  strongest 
when  the  capacity  of  the  condenser  is  of  a  certain  value.  If 
we  still  increase  the  capacity,  the  signals  will  gradually  die 
away,  while  if  we  go  on  increasing  the  capacity,  and  at  the 
same  time  add  inductance  to  the  aerial,  to  keep  it  in  tune 
with  the  condenser  jar  circuit,  we  are  still  radiating  waves, 
but  these  do  not  affect  the  receiver.  If,  however,  at  the 
receiving  station,  we  add  inductance  or  capacity  to  the  wire, 
A,  Fig.  136,  and  also  to  the  ends  of  the  secondary/  2,  we 
find  ourselves  able  to  receive  messages  from  the  transmitter, 
although  we  are  utilizing  waves  of  a  different  frequency. 

It  is  easy  to  understand  that  if  we  have  several  receiving 
stations,  each  tuned  to  a  different  period  of  electrical  vibra- 
tion, and  of  which  the  corresponding  inductance  and  capa- 
city at  the  transmitting  station  are  known,  it  will  not  be 
difficult  to  transmit  to  any  one  of  them,  without  danger  of 
the  message  being  picked  up  by  the  other  stations  for  which 
it  is  not  intended.  But.  better  than  this,  we  can  connect  to 
the  s;ime  vertical  sending  wire,  through  connections  of  dif- 
ferent inductance,  several  differently  tuned  transmitters,  and 
to  the  receiving  vertical  wire  a  number  of  corresponding 
receivers.  Different  mess;iges  can  be  sent  by  each  trans- 
mitter connected  to  the  s;une  radiating  wire  simultaneously, 
and  ieveived  equally  simultaneously  by  the  vertical  wire 
connection  tv^  differently  tuned  receivers.  A  further  im- 
piv^enunl   has  Ikxu  obtained    by  the  combination  of  the 
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two  systems.  In  this  case  the  cylinders  are  connected  to 
the  secondary  d  of  the  transmitting  transformer,  and  the  re- 
ceiver to  a  properly  tuned  induction  coil,  and  all  circuits 
must  be  tuned  to  the  same  period  as  already  described. 
(See  Fig.  143.) 

The  tuning  of  the  receiver  to  respond  to  the  period  of  the 
transmitter,  as  used  in  the  old  form  of  transmitter  shown  in 
Fig.  130,  or  in  the  new  one  shown  in  Fig.  134,  has  enabled 
results  to  be  obtained  over  considerable  distances  with 
moderate  heights. 

Signaling  has  been  successfully  carried  out  over  a  dis- 
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tance  of  50  kilometers  with  a  cylinder  only  1.25  meters  high, 
40  inches  in  diameter. 

This  has  led  to  the  possibility  of  constructing  portable 
apparatus  for  army  purposes,  which  shc^uld  be  of  great  ser- 
vice in  the  field.  1  have  succeeded  in  constructing  a  com- 
plete installation  on  a  steam  motor  car.  On  the  roof  of  the 
car  there  is  placed  a  cylinder  which  can  be  lowered  when 
traveling,  its  height  being  only  six  or  seven  meters,  and  by 
this  means  communication  has  been  easily  carried  out  with 
a  syntonized  station  over  a  distance  of  31  miles.  A  25-centi- 
mcter  spark  induction  coil  worked  by  accumulators  and 
taking  about  100  watts  is  used  for  transmitting,  and 
the  accumulators  can  be  recharged  by  a  small  dynamo 
worked  by  the  car  motor.  I  believe  such  an  appliance  might 
have  been  of  use  to  the  besieged  garrisons  in  South  Africa 
and  China. 

A  strip  of  wire  netting  laid  on  the  ground  is  sufficient 
for  earth  connection,  and  by  dragging  it  along  communica- 
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tion  can  be  established,  even  when  the  car  is  traveling.  I 
have  recently  obtained  as  good  results  by  not  using  any 
"connection"  to  earth,  but  only  utilizing  in  lieu  of  earth  the 
electrical  capacity  of  the  boiler  of  the  motor  car.  I  also  find 
that  signals  can  be  transmitted  a  considerable  distance  with 
the  cylinder  in  a  horizontal  position. 

Last  spring  I  recognized  the  desirability  of  carrying  out 
tests  between  stations  situated  at  much  greater  distances 
apart  than  had  been  attempted  heretofore.  A  station  was 
established  at  the  Lizard,  Cornwall,  and  on  the  first  attempt 
communication  was  effected  with  St.  Catherine's,  Isle  of 
Wight,  over  a  distance  of  186  miles,  which  I  believe  is  the 

Fig.  139 


record  distance  over  which  signals  have  been  sent  through 
space  without  wires.  It  is  interesting  to  observe  that  sig- 
nals were  obtained  over  this  distance  with  the  transmitting 
apparatus  as  shown  in  Fig.  130,  or  with  the  arrangement 
shown  in  Fig,  134,  provided  always  that  a  suitable  resonat- 
ing induction  coil  was  employed  at  the  receiving  station. 

Tlie  amount  of  energy  used  for  signaling  over  this  dis- 
tance is  not  more  than  1 50  watts,  but  experiments  with  a 
larger  amount  of  energy  will  shortly  be  carried  out.  In  the 
case  ol  the  iS(^mile  transmission,  the  aerial  conductor  con- 
sisloil  oi  four  parallel  vertical  wires,  1.50  meters  apart,  48 
meters  K>ng.  lu*  in  a  strip  of  wire  netting  of  the  same 
loi^iiih. 

It  is  interesting  to  note  that  in  order  to  communicate 
lH^!\\eet\  nn-  statii>ns  at  IVn^le  and  St.  Catherine's  (distance 
U  utiles^  w  iih  the  s^une  amount  of  energy  and  the  same  kind 
o(  aetial  w itx\  this  nuist  Ih?  ,x^  meters  high  to  obtain  signals 
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labout  the  same  strength  as  those  obtained  between  the 
i8&.mile  stations  with  the  4S-oieter  aerials. 

This  goes  to  confirm  many  other  resuhs  previously 
obtained,  which  indicate  that  with  a  parity  of  other  con- 
ditions the  distance  varies  with  the  square  of  the  height  of 
the  vertical  conductors  at  the  two  stations,  I  have  ahrays 
found  this  law  fulfilled,  if  the  height  of  the  conductors  at 
the  two  stations  is  approximately  equal,  although  an  attempt 
has  been  made  recently  to  throw  doubt  upon  its  cor- 
rectness. 

In  March,  190O1  there  were  in  use  in  the  Royal  Navy  in 
South  African  waters  five  installations  of  my  system. 
The  Admiralty  was  apparently  well  satisfied  with  its  work- 
ing, since  in  May  of  last  year  they  decided  to  extend  its 
adoption  to  thirty-two  more  ships  and  land  stations.  The 
conditions  of  the  contract  were  that  each  apparatus,  before 
being  accepted,  should  be  satisfactoril}^  worked  b}'  naval 
signalmen  between  two  ships  anchored  at  Portsmouth  and 
Portland,  over  a  distance  of  62  miles,  a  considerable  portion 
of  which — i.  e,,  iS  miles — lies  over  land,  with  intervening 
hills;  and  the  height  of  aerial  wire  was  specified  not  to  ex- 
ceed on  each  ship  49  meters.  The  apparatus  was  delivered 
in  a  comparatively  short  time,  no  sets  having  been  found 
unsatisfactory.  The  apparatus  supiplied  to  the  x\dmiralty 
is  so  far  all  of  the  old  pattern— i.  e.,  the  non-syntonized 
system — and  I  have  been  informed  that  messages  have 
been  transmitted  and  received  by  naval  signalmen 
between  ships  more  than  160  kilometers  apart.  It 
sometimes  occurs  that  the  unfamiHarity  of  the  opera- 
tors with  the  particular  kind  of  apparatus  used  causes 
unsatisfactory  results  to  be  obtained,  but  I  believe  this  trou- 
ble will  soon  disappear,  I  am  glad  to  be  able  to  state  that 
arrangements  are  being  made  to  install  my  new  syntonic 
apparatus  upon  several  of  His  Majesty^s  ships.  I  believe 
that  in  no  other  navy  in  the  world  is  wireless  telegraph}- 
being  worked  regularly  over  such  considerable  distances. 
My  system  is  also  used  for  communication  between  the 
B(»rkum  Riff  and  Borkum  lightship,  in  Germany,  where  an 
ordinar}'  commercial  charge  is  made  for  messages  received 
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from  ships,  and  it  is  employed  further  on  the  Nord-Dcutscher 
Lluyd  mail  steamer  **  Kaiser  Wilhelm  der  Grosse/* 

According  to  an  official  report  of  the  Imperial  postal 
authorities  of  Oldenburg,  the  total  number  of  commercial 
wireless  telegrams  transmitted  fron'^  and  to  the  lightship 
between  May  15  and  the  end  of  October  am<»unted  to  565, 
and  of  these  518  came  from  ships  at  sea,  while  47  were  trans* 
mitted  to  ships.  Of  the  518  telegrams  35.7  per  cent  were 
addressed  to  the  North  German  Lloyd,  and  64.3  per  cent  to 
other  shi{>ping  firms. 

The  installations  are  worked  by  ordinary  operators  in  a 
most  satisfactory  manner,  and  on  one  occasion  assistance 
was  obtained  for  a  man  who  was  taken  suddenly  ill  on  the 
Borkum  Riff,  and  it  was  thus  made  possible  to  hand  him 
over  promptly  fi^r  medical  treatment  on  shore. 

Before  concluding,  I  wish  to  say  a  few  words  on  a 
method  proposed  by  Prof.  Slaby,  and  with  which  I  have 
also  carried  out  some  experiments.  As  transmitter,  Slaby 
uses  an  arrangement  as  shown  in  Fig.  140,  which  consists  of 
a  vertical  conductor,  in  which  is  interposed  a  condenser,  Jf, 
and  a  spark  gap,  B.  The  top  of  the  wire  is  not  free,  but  is 
connected  to  earth  through  an  inductance,  C  D^  and  a 
wire»  E. 

At  the  receiving  station  the  arrangement  shown  in  Fig, 
144  is  employed.  It  consists  of  a  vertical  conductor,  D  C^ 
connected  to  earth  at  C,  which  should  be  the  nodal  point  of 
the  waves  induced  in  the  wire,  D  C,  where  there  is  joined 
another  wire,  termed  an  extension  wire,  of  equal  length. 

In  this  case  Slaby  places  an  apparatus  which  he  calls  a 
"multiplicator."  connected  to  the  coherer  between  the  end 
of  the  extension  wire  and  the  earth,  or  by  another  arrange- 
ment (Fig.  144),  he  uses  a  loop  wire,  F  G  H  D  C  E,  the 
multiplicator  being  placed  between  E  and  /%  in  series  with 
the  extension  vvire,y.  By  means  of  this  arrangement,  Slaby, 
on  the  22A  of  December  of  last  year,  showed  the  reception 
of  two  different  messages  sent  from  two  transmitting  sta- 
tions situated  at  unequal  distances  from  the  receiving  sta- 
tion to  be  possible,  one  station  being  at  4  kilometers  and  the 
other  at  14 ;  thus  obtaining  a  result  which  may  be  considered 
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similar  to  that  obtained  by  me  some  months  previously  over 
longer  distances. 

We  are  not  told  what  was  the  amount  of  energy  used  for 
the  transmission  nor  the  height  of  the  vertical  conductor  at 
the  receiving  station  or  at  the  transmitting  station  at  the 
Aberspree  Kablewurks.  We  are  only  told  that  the  trans- 
mission wire  was  suspended  between  the  chimney  shafts. 
Very  little  information  is  given  as  to  the  appliance  which 
Dr.  Slaby  calls  a  multiplicator.  G.  Kapp,  who  is  probably 
acquainted  with  the  details  of  Slaby's  work,  commenting  oa 
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this  paper  of  his,  calls  the  instrument  in  question  "an 
especially  wound  induction  coil  (*  Induction-spule'),  the 
function  of  which  is  to  increase  the  E.  M.  F.  of  the  oscilla- 
tions at  the  ends  of  the  coherer."  Upon  reading  this  for  the 
first  time,  I  assumed  that  the  multiplicator  -was  an  oscillation 
transformer  performing  the  function  of  those  described  in 
my  patent,  dated  June  i,  1898,  and  also  described  in  my 
Royal  Institution  lecture  of  February  2,  1901.  As  I  subse- 
quently, however,  discovered,  Prof.  Slaby,  referring  to  the 
multiplicator,  states :     "  This  apparatus  in  its  most  simple 
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form  consists  of  a  wire  coil  t>f  a  determined  shape  and  form 
of  winding,  which  depends  upon  the  length  of  the  wave. 
I  might  call  this  apparatus,  unknown  to  my  knowl- 
yp  to  the  present,  a  multiplicaton  It  is  not  to  be 
confounded  with  a  transformer,  as  it  has  no  secondary 
w^inding." 

This  statement  appears  to  me 
always  have  understood  that  w^hat 
we  call  transformers  need  not  have 
a  distinct  secondary  winding.  An 
appliance  called  an  auto-trans- 
former was  used  by  the  Westing- 
house  Company  for  regulating  the 


ambiguous^   as    I 
Fig.  143 
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E.  M,  F.  supplied  to  house-lighting  installations,  which  con- 
sisted in  a  single  winding,  a  certain  number  of  turns  acting 
inductively  on  the  adjacent  ones. 

**  Page  really  made  the  first  experiment  in  auto-induc- 
tion and  showed  that  different  parts  of  the  same  conductor 
might  act  as  primary  and  secondary  circuits  to  each  other, 
if  in  contiguity/' 

1  installed  the  apparatus  described  by  Slaby  at  Niton. 
Isle  of  Wight,  and  at  Poole,  using  wires  35  meters  high,  but 
with  tlic  receiving  wire  earthed  at  C(Fig,  144)  of  the  loop,  I 
could  receive  nothing,  although  I  tried  various  frequencies 
of  oscillation.  It  is,  however,  probable  that  I  might  have 
received,  had  I  been  working  over  much  shorter  distances 
than  50  kilometers*  as  Slaby  did  in  his  demonstration,  or 
had  I  used  a  greater  height  of  wire. 
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By  using,  however,  my  method  of  connection,  i.  e.,  intro- 
ducing between  the  vertical  wire  and  earth  an  oscillation 
transformer,  having  its  circuits  tuned  to  the  frequency  given 
by  an  ordinary  vertical  radiating  conductor  of  length  equal 
to  the  Slaby  wire,  A  C,l  succeeded  by  means  of  extremely 
sensitive  coherers  in  obtaining  communication.  I  then  tried 
the  following  experiment.  I  took  down  the  earth  wire,  £  Dy 
and  the  inductance,  D  C,  and  used  only  the  conductor,  A  C, 
insulated,  with  the  condenser  in  circuit  for  transmitting. 
An  enormous  strengthening  of  the  signals  at  the  receiver 
was  immediately  obtained,  which  obviously  means  a  greater 
ease  of  working,  and  the  possibility  of  obtaining  signals 
over  greater  distances.  The  reasons  which  demonstrate 
that  a  closed  circuit,  such  as  is  employed  by  Slaby,  must  be 
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a  poor  radiator,  are  obvious  to  those  who  have  studied  and 
read  the  classical  works  published  since  the  time  of  Hertz's 
experiments. 

Dr.  Slaby,  however,  states  that  the  inductance  at  the  top 
of  his  loop  confines  the  oscillations  to  the  vertical  part,  A  C. 
If  this  be  the  case,  the  frequency  of  these  local  oscillations 
cannot  be  equal  to  that  of  the  whole  circuit,  A  CD  E^  which 
it  has  been  stated  was  so  easy  to  calculate,  if  the  translations 
of  Slaby's  paper  I  am  relying  on  are  correct. 

I  believe  that  notwithstanding  the  inductance,  C  -D,  a 
considerable  amount  of  energy  must  pass  to  earth  through 
the  earthed  wire,  which  acts  as  a  leak  uselessly  dissipating 
energy  which  should  be  radiated  into  space  in  the  form  of 
ether  waves. 
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If  these  conclusions  are  correct,  I  am  not  at  all  clear  as 
to  what  necessity  there  is  for  employing  the  earthed  con- 
ductor, ED,  and  the  inductance. 

It  is  not  necessary  for  obtaining  syntonic  effects  from 
transmitting  stations  placed  at  unequal  distances  from  the 
receiver,  as  these  can  be  obtained  when  using  the  primitive 
form  of  transmitter  shown  in  Fig.  130,  and  Slaby  has  not  yet 
described  how  to  obtain  different  messages  from  transmit- 
ters situated  at  equal  distances  from  the  receivers^  which  is 
much  more  difficult  in  my  experience,  nor  does  it  appear 
possible  with  the  method  he  describes  to  transmit  various 
messages  at  the  same  time  from  one  sending  wnre,  as  can  be 
done  with  the  system  I  have  just  explained. 

The  distance  obtained  with  the  closed  transmitting  ar- 
rangement must  be  comparatively  small. 

As  I  have  already  stated,  communication  over  a  distance 
of  300  kilometers  is  now  being  maintained  with  my  system, 
but  I  am  not  aware  of  anything  approaching  even  100  kilo- 
meters being  achieved  with  the  loop  transmitter.  It  may  be 
said  that  long  distances  of  transmission  are  not  necessarily 
an  advantage,  but  T  notice  that  the  navy  wants  long-distance 
apparatus  supplied  to  it, 

I  have  also  tried  connections  similar  to  Slaby's  extension 
wire  in  the  receiver,  but  I  find  that  the  real  sifting  out  of 
waves  IS  done  in  the  oscillation  transformer,  although  some- 
times it  may  be  desirable  to  increase  the  period  of  oscilla- 
tion of  the  aerial  conductor  by  adding  inductance  to  it,  or 
at  other  times  to  decrease  the  period  by  placing  a  suitable 
condenser  in  series  with  it. 

I  have  come  to  the  conclusion  that  the  days  of  the  non^ 
tuned  system  are  numbered*  The  ether  about  the  English 
Channel  has  become,  in  consequence  of  great  wireless 
activity,  exceedingly  lively,  and  a  non-tuned  receiver  keeps 
picking  up  messages  or  parts  of  messages  from  various 
sources  which  very  often  render  unreadable  the  message 
one  is  trying  to  receive.  I  am  glad  to  say,  however,  that  I 
am  now  prepared  with  syntonic  apparatus  sxiitable  for  com^ 
mercial  purposes. 

And,  as  my  final  word  on  the  general  subject  for  the 
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present,  let  me  say  that  those  who  are  responsible  for  the 
recent  development  of  wireless  telegraphy  into  a  practical 
science^  cannot  fail  to  find  great  satisfaction  in  the  reflection 
that*  as  already  life  has  been  saved  that  without  this  dis- 
covery w^ould  have  been  lost,  so,  in  the  future,  apart  from 
its  manifold  commercial  ptjssibilities,  valuable  as  these  are, 
humanity  is  likely  to  have  before  very  long  to  recognize  in 
telegraphy  through  space  without  connecting  wires  the 
most  potent  safeguard  that  has  yet  been  devised  to  reduce 
the  perils  of  the  workPs  sea-going  population. 

[Marconi  on  his  recent  trip  to  this  country,  received  dis- 
tinct  tape-written  messages  from  Poldhu,  CornwalK  until 
he  was  over  i,;oo  miles  from  that  point,  and  since  that 
time  has  succeeded  in  signaling  from  Europe  to  this 
country.] 


HOW    TO   CONSTRUCT    AX    EFFICIENT    WIRELESS    TELEGRAPH 

APPARATUS  AT  A   SMALL  COST. 

BY  A.    PREDCRICK  COLLINS. 

Since  the  practical  introduction  of  wireless  telegraphy 
in  1896,  great  progress  has  been  made,  not  only  in  spanning 
great  distances,  but  in  syntonizing  or  tuning  a  certain 
receiver  to  respond  to  a  given  transmitter. 

To  telegraph  a  mile  or  so  without  wires  by  what  is  known 
as  theetheric  wave  or  Hertzian  wave  system  is  not  diflicult; 
indeed,  the  apparatus  required  is  but  little  more  complicated 
than  the  ordinary  Morse  telegraph,  and  is  so  simple  that 
the  reader  need  have  no  difficulty  in  comprehending  every 
detail;  if,  on  the  other  hand,  one  wishes  to  work  out  the 
theory  involved,  it  becomes  such  a  difficult  task  that  the 
master  physicists  have  yet  to  solve  it.  It  is  the  practical 
side  and  not  the  theoretical  side  of  wireless  telegraphy  we 
have  to  deal  with  here. 

The  instroment  that  sends  out  waves  through  space  is 
termed  the  transmitter,  and  this  I  shall  first  describe.  It 
consists  of  an  ordinary  induction  or  Rohmkorff  coil  (see 
F%-  HS)  gH'ing  a  halUnch  spark  between  the  secondary 
terminals  or  brass  balls.    Such  a  coil  can  be  purchased  from 
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dealers  in  electrical  supplies  for  about  $6.  A  larger-sized 
coil  may,  of  course,  be  used,  and  to  better  advantage,  but 
the  cost  increases  very  rapidly  as  the  size  of  the  spark 
increases;  a  half-inch  spark  coil  will  give  verv  good  results 
for  a  fourth  to  half  mile  over  water,  and  the  writer  has 
transmitted  messages  a  mile  over  this  sized  coil. 

Having  purchased  the  coil,  it  will  be  found  necessary 

Fig,  145 


Cheap  Ruhmkorff  Coil  Givinfir  K'i"ich  Spark, 


to  supply  the  oscillators,  as  the  brass  balls  are  termed,  since 
the  coils  of  the  smaller  size  do  not  include  them.  The  brass 
balls  should  be  half  an  inch  in  diameter  and  solid;  they 
may  be  adjusted  to  the  binding  posts  of  the  secondary 
terminals  by  brass  wires,  as  shown  in  the  diagrammatic 
view,  Fig.  146.  It  will  require  two  cells  of  Bunsen  battery 
to  operate  the  coil,  or  three  cells  of  Grenet  or  bichromate 
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of  potash  battery  will  operate  it  nicely.     An  ordinary  Morse 

telegraphic  key  is  connected  in  series  with  the  battery  and 
induction  coil,  as  shown  in  the  diao^ram.  Now  when  the 
key,  4,  is  pressed  down,  the  circuit  will  be  opened  and 
closed  alternately — like  an  electric  bell^ — by  the  interrupter, 
2,  and  a  miniature  flash  of  lightning  breaks  through  the 
insulating  air-gap  between  the  balls  or  oscillators.  5»  and 
this  spark  or  disruptive  discharge  sends  out  the  etheric 
waves  into  space  in  every  direction  to  a  very  great  dis- 
tance. 

The  oscillators  should  be  finally  adjusted  so  that  not 
more  than  an  eighth  of  an  inch  air-gap  separates  them. 
The  reason  the  distance  between  them  is  cut  down  from 
a  half  to  an  eighth  of  an  inch  is  because  in  wireless  tele- 
graphy it  has  been  found  that  a*' fat  "spark  emits  waves 
of  greater  intensity  than  a  long,  attenuated  one.  The  balls 
are  termed  oscillators,  since,  when  the  electric  pressure  at 
the  balls  becomes  great  enough  to  break  down  the  air 
between  them,  the  electric  w^ave  oscillates  or  vibrates  very 
much  as  a  string  of  a  musical  instrument  oscillates  when 
struck;  in  other  words,  it  vibrates  back  and  forth,  very 
strongly  at  first,  growing  lesser  until  it  ceases  altogether. 

The  coil  and  key  may  be  mounted  on  a  base  of  wood 
8  inches  wide  by  17  inches  long  and  |  inch  thick  (Fig.  145). 
This,  with  the  battery,  constitutes  tlie  wireless  transmitter 
complete,  with  the  exception  of  an  aerial  wire  leading 
upward  to  a  mast  30  or  40  feet  high,  or  the  wire  may  be 
suspended  outside  a  building.  At  the  upper  end  of  the 
wire  a  copper  plate  12  inches  square  should  be  soldered; 
this  is  the  radiator,  and  sends  out  the  waves  into  space. 
Another  wire,  8,  leading  from  the  instrument  is  connected 
with  a  second  copper  plate,  9,  buried  in  the  earth.  The 
wires  are  then  connected  to  the  oscillators — one  on  either 
side  as  shown  at  C,  Fig.  146.  The  aerial  and  earth  wires  may 
be  soldered  to  a  bit  of  spiral  spring,  as  this  forms  a  good 
connection  and  one  that  can  be  readily  removed  if  neces- 
sary. The  transmitter  may  be  set  on  a  table  or  other  sta- 
tionary place,  but  for  convenience  it  is  well  to  have  the  coil 
and  key  mounted  on  a  separate  base* 
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To  the  receiving  device  there  are  more  parts  than  to 
the  transmitter,  and  to  simply  gaze  upon  the  cut,  Fig.  147,  it 
would  be  almost  impossible  to  obtain  a  correct  idea  of  the 
connections.  To  the  layman  the  most  mysterious  part  of  the 
whole  system  of  wireless  telegraphy  is  the  most  simple  and 
the  easiest  understood.  1  refer  to  the  coherer*  A,  Fig.  146,  is 
a  diagrammatic  view  of  an  experimental  coherer,  one  that  is 
suitable  for  the  set  in  hand,  for  it  is  inexpensive,  easy  of 
adjustment  and  quite  sensitive.     A  coherer,  reduced  to  its 

Fig. 147 


Set  of  Receiving  Apparatus  for  Wireless  Telegraph, 


simplest  parts,  consists  of  two  pieces  of  wire,  brass  or  Ger- 
man silver,  i-i6th  inch  in  diameter,  forced  into  a  piece  of 
giass  tubing,  with  some  silver  and  nickel  filings  between  the 
ends  of  the  wire  at  the  point,  7. 

The  brass  standards  i,  shown  at  A^  Fig.  146,  together  with 
the  set  screws  and  springs,  are  merely  adjuncts  attached  to 
the  coherer  wires  to  obtain  the  proper  adjustment  and  to 
then  retain  it.  The  filings  may  be  made  from  a  nickel  five 
cent  piece  and  a  silver  dime,  using  a  coarse  file.  The 
amount  of  filings  to  be  used  in  the  coherer  can  be  roughly 
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estimated  by  having  the  bore  of  the  tube  i*i6th  of  an  inch 
in  diameter,  and  after  one  wire  plug  has  been  inserted,  pour 
in  enough  of  the  filings  to  have  a  length  of  i-i6th  inch. 
Before  describing  the  function  of  the  coherer,  it  will  be  well 
to  illustrate  the  connection  of  the  relay,  tapper,  sounder  and 
coherer,  and  batteries.  As  shown  B,  Fig.  146,  the  tapper — the 
central  instrument  back  of  the  coherer — is  improvised  from 
an  old  electric  bell,  the  gong  being  discarded*  The  relay, 
on  the  right,  should  be  wound  to  high  resistance,  about  100 
ohms.  It  is  listed  as  a  *'pony  relay,"  and,  like  all  other 
parts  of  the  apparatus  except  the  coherer,  it  may  be  pur- 
chased of  any  dealer  in  electrical  supplies.  The  sounder,  on 
the  left,  is  an  ordinary  Morse  sounder  of  4  ohms  resistance. 
The  tapper  magnets  should  be  wound  to  4  ohms.  All 
should  now  be  mounted  on  a  base  10  by  t6  inches  and  con- 
nected up  as  the  diagram  B,  Fig.  146,  illustrates  ;  that  is,  the 
terminals  of  the  coherer  are  connected  in  series  with  two 
dry  cells,  2,  and  the  relay,  3.  From  the  relay  a  second  circuit, 
also  in  series,  leads  to  the  tapper,  6,  thence  to  a  battery  of 
three  dry  cells,  5,  and  on  to  the  sounder,  4,  and  finally  back 
to  the  relay,  3.  This  much  for  the  two  electric  circuits. 
The  puzzling  part  to  the  novice  in  wireless  telegraphy  lies 
in  the  wires,  7  and  S,  branching  from  the  coherer.  These 
have  nothing  to  do  with  the  local  battery  circuits,  but  lead 
respectively  up  a  mast  equal  in  height  to  the  one  at  the 
transmitting  end  and  down  in  the  ground,  as  before 
described.  These  are  likewise  provided  with  copper  plates. 
As  shown  in  the  engraving,  Fig.  146,  the  connections  are  all 
made  directly  between  the  relay»  coherer,  sounder,  tapper 
and  batteries  for  the  very  sensible  reason  that  they  are  con- 
nected together  with  a  deal  less  trouble  than  by  the  some- 
what neater  method  of  wiring  under  the  baseboard.  This, 
however,  is  a  matter  of  time,  taste  and  skill. 

Now  let  us  see  what  the  functions  of  each  of  the  appli- 
ances constituting  the  receiver  are,  their  relation  to  each 
other,  and  finally,  as  a  whole,  to  the  transmitter  a  mile  away. 
To  properly  adjust  the  receiver  to  the  transmitter  it  is  wxll 
to  have  both  in  the  same  room — though  not  connected^and 
then  test  them  out.     The  relation  of  the  coherer  to  the  relay 
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and  battery  circuit  may  be  likened  to  that  of  a  push-button^ 
the  bell  and  its  battery.  Coherer  and  push-button  normally 
represent  the  circuit  open.  When  one  pushes  the  button^ 
the  circuit  is  closed  and  the  bell  rings;  when  the  Hertzian 
waves  sent  out  by  the  distant  transmitting  coil  reach  the 
coherer,  the  particles  of  metal  filings  cohere^draw  closer 
together— thus  closing  the  circuity  and  the  relay  draws  its 
armature  to  its  magnets,  which  closes  the  second  circuit* 
and  then  the  tapper  and  sounder  become  operative. 

The  purpose  of  the  tapper  is  to  decohere  the  filings  after 
they  are  affected  by  the  etheric  waves  each  time,  otherwise 
no  new  waves  would  manifest  themselves.  The  relay  is 
necessary,  since  the  maximum  and  minimum  conductivity  of 
the  coherer,  when  normal  and  when  subject  to  the  action  of 
the  waves,  is  not  widely  divergent,  and  therefore  an  appli- 
ance far  more  sensitive  than  an  ordinary  telegraphic  sounder 
is  needed ;  this  is  provided  by  a  relay,  which,  while  being 
much  more  sensitive,  has  the  added  advantage  of  operating 
a  delicately-poised  lever  or  armature  instead*of  a  heavy  one 
used  on  the  sounder.  Signals  can  be  read  from  the  tapper 
alone,  but  to  produce  dots  and  dashes — the  regular  Morse 
code^ — a  sounder  is  essential. 

The  adjustment  of  the  coherer  and  its  relation  to  the 
relay  is  not  as  difficult  as  the  final  adjustment  of  the 
sounder  and  tapper,  but  if  the  following  rules  are 
adhered  to  carefully,  the  result  will  be  a  successful 
receiver. 

First  arrange  the  adjusting  screws  of  the  relay  arma- 
ture so  that  it  will  have  a  free  play  of  only  i-32d  of  an 
inch,  when  the  armature  is  drawn  into  contact  with  the 
second  circuit  connection,  just  clearing  the  polar  projec- 
tions of  the  magnets  ;  have  the  tension  of  the  spring  so  that 
it  wnll  have  only  "  pull "  enough  to  draw  back  the  armature 
when  there  is  no  current  flowing  through  the  relay  coils. 
Now  connect  the  two  dry  cells  in  series  with  the  coherer,  D, 
Fig,  146,  Unscrew  one  of  the  top  set-screws,  2  A,  Fig.  146,  and 
then  screw  up  the  inner  screw,  3,  until  the  current  begins  to 
flow  through  the  circuit  and  pulls  the  armature  of  the  relay 
to  the  magnets.     Tap  the  coherer  with  a  pencil  while  turn* 
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ing  the  screw  of  the  coherer  to  prevent  premature  cohesion, 
which  is  apt  to  occur  by  pressure.  When  absolute  balance 
is  secured  between  the  coherer  and  the  relay,  connect  in  the 
battery  of  the  second  circuit,  which  includes  the  tapper  and 
the  sounder.  When  the  relay  armature  is  drawn  into  con- 
tact,  closing  the  second  circuit,  both  the  tapper  and  the 
sounder  should  operate,  the  former  tapping  the  coherer  and 
the  latter  sounding  the  stroke.  The  adjustment  of  the 
sounder  requires  the  most  patience,  for  it  is  by  the  most 
delicate  testing  alone  that  the  proper  tension  is  obtained. 
This  is  done  by  the  screw  regulating  the  spring  attached 
to  the  sounder  lever. 

When  all  has  been  arranged  and  the  local  circuit 
of  the  transmitter  is  closedi  the  spark  passes  between  tJie 
oscillators,  waves  are  sent  invisibly  through  space  by  the 
aerial  and  earth  plates,  and  radiating  in  every  direction,  a 
minor  portion  must  come  into  contact  with  the  receiving 
aerial  and  ground  plates,  where  they  are  carried  by  con- 
ducting wires  to  the  coherer,  and  under  the  action  of  the 
waves,  the  filings  cohere,  the  relay  circuit  is  closed,  draw 
ing  the  armature  into  contact,  closing  the  second  circuit. 
when  the  tapper  operates,  striking  the  coherer  tube  and  de- 
cohering the  filings  ;  at  the  same  time  the  lever  of  the 
sounder  is  pulled  down,  and,  by  the  law  of  inertia,  it  will 
continue  to  remain  down,  if  a  succession  of  waves  are 
being  sent  by  the  transmitter,  assuming  the  key  is  being  held 
down,  producing  a  dash,  notwithstanding  the  tapper  keeps 
busily  at  work  decohering  in  response  to  the  continuously 
closing  circuit  caused  by  the  waves;  but  the  sounder — slug- 
gish in  its  action— when  once  drawn  down,  will  remain  so 
until  the  last  wave  is  received  and  the  tapper  decoheres  for 
the  last  time,  finally  breaking  the  second  circuit  for  a  suffici- 
ent length  of  time  to  permit  the  heavy  lever  to  regain  its 
normal  position. 

All  these  various  actions  require  a  specific  time  in  which 
to  operate,  and  so  the  transmitting  key  must  be  operated 
very  slowly,  each  dot  and  dash  being  given  a  sufficient 
length  of  time  for  the  passage  of  a  good  spark.  With  the 
Marconi,  Slaby»  Guarini  and  all  other  systems  of  wireless 
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telegraphy  now  in  use,  only  twelve  to  fifteen  words  per 
minute  can  be  sent.  It  is  also  well  to  remember  that  the 
higher  the  wires  leading  up  the  mast  are,  the  further  the 
messages  will  carry.  Wireless  transmission  over  water  can 
be  carried  to  about  ten  times  as  great  a  distance  as  over 
land. 

Wireless  telegraphy  is  very  much  like  photography 
and  everything  else  worth  knowing.  To  know  it  well 
requires  care,  patience  and  practice,  and  the  more  one 
keeps  everlastingly  at  it,  the  greater  the  results 
will  be. 

ORIGINAL   MEMOIR  OF    PROF.    ROENTGEN   "  OX   A   NEW    KIND 

OF    RAYS." 

1.  A  discharge  from  a  large  induction  coil  is  passed 
through  a  Hittorf's  vacuum  tube  or  through  a  well  exhausted 
Crookes  or  Lenard  tube.  The  tube  is  surrounded  by  a 
fairly  close-fitting  shield  of  black  paper ;  it  is  then  possible 
to  see,  in  a  completely  darkened  room,  that  paper  covered 
on  one  side  with  barium  platinocyanide  lights  up  with  bril- 
liant fluorescence  when  brought  into  the  neighborhood  of 
the  tube,  whether  the  painted  side  or  the  other  be  turned 
toward  the  tube.  The  fluorescence  is  still  visible  at  two 
meters  distance.  It  is  easy  to  show  that  the  origin  of  the 
fluorescence  lies  within  the  vacuum  tube. 

2.  It  is  seen,  therefore,  that  some  agent  is  capable  of 
penetrating  black  cardboard,  which  is  quite  opaque  to  ultra- 
violet light,  sunlight,  or  arc  light.  It  is  therefore  of  interest 
to  investigate  how  far  other  bodies  can  be  penetrated  by  the 
same  agent.  It  is  readily  shown  that  all  bodies  possess  this 
same  transparency,  but  in  very  varying  degrees.  For  ex- 
ample, paper  is  very  transparent ;  the  fluorescent  screen  will 
light  up  when  placed  behind  a  book  of  a  thousand  pages ; 
printer's  ink  offers  no  marked  resistance.  Similarly  the 
fluorescence  shows  behind  two  packs  of  cards;  a  single  card 
does  not  visibly  diminish  the  brilliancy  of  the  light.  So, 
again,  a  single  thickness  of  tinfoil  hardly  casts  a  shadow  on 
the  screen ;  several   have   to   be  superposed  to  produce  a 
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marked  eifect.  Thick  blocks  of  wood  are  still  transparent. 
Boards  of  pine  two  or  three  centimeters  thick  absorb  only 
very  little  A  piece  of  sheet  aluminum,  15  mm.  thick,  stilL 
allowed  the  X  rays  (as  1  will  call  the  rays,  for  the  sake  of 
brevity)  to  pass,  but  greatly  reduced  the  fluorescence.  Glass 
plates  of  similar  thickness  behave  similarly ;  lead  glass  is,, 
however,  much  more  opaque  than  glass  free  from  lead. 
Ebonite  several  centimeters  thick  is  transparent.  If  the 
hand  be  held  before  the  fluorescent  screen,  the  shadow 
shows  the  bones  darkly,  with  only  faint  outlines  of  the  sur- 
rounding tissues. 

Water  and  several  other  fluids  are  very  transparent. 
Hydrogen  is  not  markedly  more  permeable  than  air.  Plates 
of  copper,  silver,  lead,  gold,  and  platinum  also  allow  the  rays 
to  pass,  but  only  when  the  metal  is  thin.  Platinum  0*2  mm. 
thick  allows  some  rays  to  pass ;  silver  and  copper  are  more 
transparent.  Lead  I'S  nim.  thick  is  practically  opaque.  If 
a  square  rod  of  wood  20  mm.  in  the  side  be  painted  on  one 
face  with  white  lead,  it  casts  little  shadow  when  it  is  so 
turned  that  the  painted  face  is  parallel  to  the  X  rays,  but  a 
strong  shadow  if  the  rays  have  to  pass  through  the  painted 
side.  The  salts  of  the  metals,  either  solid  or  in  solution,  be- 
have generally  as  the  metals  themselves. 

3.  The  preceding  experiments  lead  to  the  conclusion 
that  the  density  of  the  bodies  is  the  property  whose  varia^ 
tion  mainly  affects  their  permeability.  At  least  no  other 
property  seems  so  marked  in  this  connection.  But  that  the 
density  alone  does  not  determine  the  transparency  is  shown 
by  an  experiment  wherein  plates  of  similar  thickness  of  Ice- 
land spar,  glass,  aluminum,  and  quartz  were  employed  as 
screens.  Ihen  the  Iceland  spar  showed  itself  much  less 
transparent  than  the  other  bodies,  though  of  approximately 
the  same  density.  I  have  not  remarked  any  strong  rtuo« 
resccncc  ot  Iceland  spar  compared  with  glass  (see  below. 
No.  4). 

4.  Increasing  thickness  increases  the  hindrance  offered 
to  the  rays  by  all  bodies.  A  picture  has  been  impressed  on 
a  photographic  plate  of  a  number  of  superposed  layers  of 
linloil,  like  steps,  presenting  thus  a  regularly  increasing  thick*- 
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ness.     This  is  to   be   submitted   to  photometric  processes 
when  a  suitable  instrument  is  available. 

5.  Pieces  of  platinum,  lead,  zinc,  and  aluminum  toil  were 
so  arranged  as  to  produce  the  same  weakening  of  the  effect. 

J  he  annexed  table  shows  the  relative  thickness  and  density 
of  the  equivalent  sheets  of  metal : 

Thickness.       IteUtiv© 

Mm.  Thickness.         Density. 

Platinum 0018  i  21*5 

Lead 0*050  3  11-3 

Zinc 0100  6  7*1 

Aluminum 3  500  200  2*6 

From  these  values  it  is  clear  that  in  no  case  can  we  ob- 
tain the  transparency  of  a  body  from  the  product  of  its 
density  and  thickness.  The  transparency  increases  much 
more  rapidly  than  the  product  decreases. 

6.  The  fluorescence  of  barium  platinocyanide  is  not  the 
only  noticeable  action  of  the  X  rays.  It  is  to  be  observed 
that  other  bodies  exhibit  fluorescence,  e.  g,  calcium  sul- 
phide, uranium  glass,  Iceland  spar,  rock  salt,  etc. 

Of  special  interest  in  this  connection  is  the  fact  that  pho- 
tographic dry  plates  are  sensitive  to  the  X  rays.  It  is  thus 
possible  to  exhibit  the  phenomena  so  as  to  exclude  the  dan- 
ger of  ferror.  1  have  thus  confirmed  many  observations 
originally  made  by  eye  observation  with  the  fluorescent 
screen.  Here  the  power  of  the  X  rays  to  pass  through 
wood  or  cardboard  becomes  useful.  The  photographic  plate 
can  be  exposed  to  the  action,  without  removal  of  the  shutter 
of  the  dark  slide  or  other  protecting  case,  so  that  the  experi- 
ment need  not  be  conducted  in  darkness.  Manifestly,  unex- 
posed plates  must  not  be  left  in  their  box  near  the  vacuum 
tube. 

It  seems  now  questionable  whether  the  impression  on  the 
plate  is  a  direct  effect  of  the  X  rays  or  a  secondary  result 
induced  by  the  fluorescence  of  the  material  of  the  plate. 
Films  can  receive  the  impression  as  well  as  ordinary  dry 
plates. 

I  have  not  been  able  to  show  experimentally  that  the  X 
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rays  give  rise  to  any  calorific  effects.  These,  however,  may 
be  assumed^  for  the  |jlieiiumeiia  of  fluorescence  show  that 
the  X  rays  are  capable  of  transformation.  It  is  also  certain 
that  all  the  X  rays  falling  on  a  body  do  not  leave  it  as 
such. 

The  retina  of  the  eye  is  quite  insensitive  to  these  rays; 
the  eye  placed  close  to  the  apparatus  sees  nothing*  It  is 
clear  from  the  experiments  that  this  is  not  due  to  want  of 
permeability  on  the  part  of  the  structures  of  the  eye. 

7.  After  my  experiments  on  the  transparency  of  increas* 
ing  thicknesses  of  different  inedia»  I  proceeded  to  investigate 
whether  the  X  rays  could  be  deflected  by  a  prism.  Investi- 
gations with  water  and  carlmn  bisulphide  in  mica  prisms  of 
30"  showed  no  deviation  either  on  the  photographic  or  the 
fluorescent  plate.  For  comparison,  light  rays  were  allowed 
to  fall  on  the  prism  as  the  apparatus  was  set  up  for  the  ex- 
periment. They  were  deviated  10  mm.  and  20  ram.  respect- 
ively in  the  case  of  the  two  prisms. 

With  prisms  of  ebonite  and  aluminum,  I  have  obtained 
images  on  the  photographic  plate  w^hich  point  to  a  possible 
deviation.  It  is,  however,  uncertain,  and  at  most  would 
point  to  a  refractive  index  1*05.  No  deviation  can  be  ob- 
served by  means  of  the  fluorescent  screen.  Investigations 
with  the  heavier  metals  have  not  as  yet  led  to  any  result, 
because  of  their  small  transparency  and  the  consequent  en- 
feebling of  the  transmitted  rays. 

On  account  of  the  importance  of  the  question,  it  is  desir- 
able to  try  in  other  ways  whether  the  X  rays  are  susceptible 
of  refraction.  Finely  powdered  bodies  allow  in  thick  layers 
but  little  of  the  incident  light  to  pass  through,  in  conse- 
quence of  refraction  and  reflection.  In  the  case  of  the  X 
rays,  however,  such  layers  of  powder  are  for  equal  masses 
of  substance  equally  transparent  with  the  coherent  solid 
itself.  Hence  we  cannot  conclude  any  regular  reflection  or 
refraction  of  the  X  rays.  The  research  was  conducted  by 
the  aid  of  finely  powdered  rock  salt,  tine  electrolytic  silver 
powder,  and  zinc  dust  already  many  times  employed  in 
chemical  work.  In  all  these  cases  the  result,  whether  by  the 
fluorescent  screen  or  the  photographic  method,  indicated  no 
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difference  in  transparency  between  the  powder  and  the  co- 
herent solid. 

It  is,  hence,  obvious  that  lenses  cannot  be  looked  upon  as 
capable  of  concentrating  the  X  rays;  in  effect,  both  an 
ebonite  and  a  glass  lens  of  large  size  prove  to  be  without 
acti*>n.  The  shadow  photograph  of  a  round  rod  is  darker 
in  tlie  middle  than  at  the  edge  ;  the  image  of  a  cylinder  hlled 
with  a  body  more  transparent  than  its  walls  exhibits  the 
middle  brighter  than  the  ^dgtt, 

S.  The  preceding  experiments,  and  others  which  I  pass 
over,  point  to  the  rays  being  incapable  of  regular  reflection. 
It  is,  hvjwever,  well  to  detail  an  observation  which  at  first 
sight  seemed  to  lead  tu  an  opposite  conclusion. 

I  exposed  a  plate,  protected  by  a  black  paper  sheath,  to 
the  X  rays,  so  that  the  glass  side  lay  next  to  the  vacuum 
tube.  The  sensitive  film  was  partly  covered  with  star-shaped 
pieces  of  platinum,  lead,  zinc,  and  aluminump  On  the  de- 
veloped negative  the  star-shaped  impression  shovv^ed  dark 
under  platinum,  lead»  and,  more  markedly,  under  zinc ;  the 
ahuniniim  gave  no  image.  It  seems,  therefore,  that  these 
three  metals  can  reflect  the  X  rays ;  as,  however*  another 
explanation  is  possible,  I  repeated  the  experiment,  with  this 
only  difference,  that  a  film  of  thin  aluminum  foil  was  inter- 
posed between  the  sensitive  film  and  the  metal  stars.  Such 
an  aluminum  plate  is  opaque  to  ultra-violet  rays,  but  trans- 
parent to  X  rays.  In  the  result  the  images  appeared  as  be- 
fore, this  pointing  still  to  the  existence  of  reflection  at  metal 
su  rf  aces. 

If  one  considers  this  observation  in  connection  with 
others,  namely,  on  the  transparency  of  powders,  and  on  the 
state  of  the  surface  not  being  effective  inaltering  the  passage 
of  the  X  rays  through  a  body,  it  leads  to  the  probable  con- 
clusion that  regular  reflection  does  not  exist,  but  that  bodies 
behave  to  the  X  rays  as  turbid  media  to  light. 

Since  I  have  obtained  no  evidence  of  refraction  at  the 
surface  of  different  media,  it  seems  probable  that  the  X  rays 
move  with  the  same  velocity  in  all  bodies,  and  m  a  medium 
w^hich  penetrates  everything,  and  in  which  the  molecules 
of  bodies  are  embedded.      The  molecules  obstruct  the  X 
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rays  the  more  efiectively  as  the  density  of  the  body  con- 
cerned  is  greater. 

9.  It  seemed  possible  that  the  geumctrical  arrangement 
oi  the  molectiles  might  affect  the  action  of  a  body  upon  the 
X  rays,  so  that,  for  example,  Iceland  spar  might  exhibit  dif- 
ferent f>henomena  according  to  the  relation  of  the  surface  of 
the  plate  to  the  axis  of  the  crystal.  Experiments  with  quartz 
and  Iceland  spar  on  this  point  lead  to  a  negative  result 

ID.  Ir  is  known  that  Lenard,  in  his  investigations  on 
cathode  rays,  has  shown  that  they  belong  to  the  ether  and 
can  pass  through  all  bodies.  Concerning  the  X  rays  the 
same  may  be  said 

In  his  latest  work,  Lenard  has  investigated  the  absorption 
coefficients  o(  various  bodies  for  the  cathode  rays»  including 
air  at  atmospheric  pressure,  which  gives  4*10,  3-40,  3*10  for  1 
cm.*  according  to  the  degree  ol  exhaustion  of  the  gas  in  dis- 
charge tube.  To  judge  from  the  nature  of  the  discharge.  I 
have  worked  at  about  the  same  pressure,  but  occasionally  at 
greater  or  smaller  pressures.  1  find,  using  a  VV^eber's  photo- 
meter, that  the  intensity  of  the  fluorescent  light  varies  nearly 
as  the  inverse  square  of  the  distance  between  screen  anddis^ 
charge  tube.  This  result  is  obtained  from  three  very  con- 
sistent sets  of  observations  at  distances  of  100  and  200  mm. 
Hence  air  absorbs  the  X  rays  much  less  than  the  cathode 
rays.  This  result  is  in  complete  agreement  with  the  previ- 
ously described  result,  that  the  fluorescence  of  the  screen 
can  be  still  observed  at  2  meters  from  the  vacuum  tube.  U\ 
general,  other  bodies  behave  like  air;  they  are  more  trans' 
parent  for  the  X  rays  than  for  the  cathode  rays. 

II,  A  (urther  distinction  and  a  noteworthy  one  results 
from  the  action  of  a  magnet.  I  have  not  succeeded  in  ob- 
serving any  deviation  of  the  X  rays  even  in  vcrv  strong 
magnetic  fields. 

The  deviation  of  cathode  rays  by  the  magnet  is  one  of 
their  peculiar  characteristics.  It  has  been  observed  bv 
Hertz  and  Lenard  that  several  kinds  of  cathode  rays  exist, 
which  differ  by  their  power  of  exciting  phosphorescence, 
their  susceptibility  of  absorption,  and  their  deviation  bv  the 
magnet ;  but  a  notable  deviation  has  been  observed  in  all 
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cases  which  have  yet  been  investigated,  and  I  think  that 
such  deviation  affords  a  characteristic  not  to  be  set  aside 
lightly. 

12.  As  the  result  of  many  researches,  it  appears  that  the 
place  of  most  brilliant  phosphorescence  of  the  walls  of  the 
discharge  tube  is  the  chief  seat  whence  the  X  rays  originate 
and  spread  in  all  directions;  that  is,  the  X  rays  proceed 
from  the  front  where  the  cathode  rays  strike  the  glass.  If 
one  deviates  the  cathode  rays  within  the  tube  by  means  of  a 
magnet,  it  is  seen  that  the  X  rays  proceed  from  a  new  point, 
i.  e.,  again  from  the  end  of  the  cathode  rays. 

Also  for  this  reason  the  X  rays,  which  are  not  deflected 
by  a  magnet,  cannot  be  regarded  as  cathode  rays  which  have 
passed  through  the  glass,  for  that  passage  cannot,  according 
to  Lenard,  be  the  cause  of  the  different  deflection  of  the  rays. 
Hence  I  conclude  that  the  X  rays  are  not  identical  with  the 
cathode  rays,  but  are  produced  from  the  cathode  rays  at  the 
glass  surface  of  the  tube. 

13.  The  rays  are  generated  not  only  in  glass.  1  have  ob- 
tained them  in  an  apparatus  closed  by  an  aluminum  plate 
2  mm.  thick  I  purpose  later  to  investigate  the  behavior  of 
other  substances. 

14.  The  justification  of  the  term  **  rays  '*  applied  to  the 
phenomena  lies  partly  in  the  regular  shadow  pictures  pro- 
duced by  the  interposition  of  a  more  or  less  permeable  body 
between  the  source  and  a  photographic  plate  or  fluorescent 
screen. 

I  have  observed  and  photographed  many  such  shadow 
pictures.  Thus,  I  have  an  outline  of  part  of  a  door  covered 
with  lead  paint ;  the  image  was  produced  by  placing  the 
<lischarge  tube  on  one  side  of  the  door  and  the  sensitive 
plate  on  the  other.  I  have  also  a  shadow  of  the  bones  of  the 
hand,  of  a  wire  wound  upon  a  bobbin,  of  a  set  of  weights  in 
a  box,  of  a  compass  card  and  needle  completely  inclosed  in 
a  metal  case,  of  a  piece  of  metal  where  the  X  rays  show  the 
want  of  homogeneity,  and  of  other  things. 

For  the  rectilinear  propagation  of  the  rays,  1  have  a  pin- 
hole photograph  of  the  discharge  apparatus  covered  with 
i)lack  paper.     It  is  faint,  but  unmistakable. 
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15.  i  ijavi  b<;ught  ior  interference  effects  of  the  X  rays, 
l>ui  j^ob^iiyi),  Jii  c<>j)be<|uencc  of  their  small  intensity,  without 

IC'bU  Jl. 

JO.  Kcbcuicheb  tc>  investigate  whether  electrostatic  forces 
act  '>•!  I  lit   X  lays  aic  bej^un  but  not  yet  concluded. 

J/,  il  ojK  abkb,  what  then  are  these  X  rays?  Since  they 
arc  not  cathode  rays,  one  might  suppose,  from  their  power 
ol  cxcititi^  liuorescence  and  chemical  action,  them  to  be  due 
to  uhra-viok't  li^bl.  In  opposition  to  this  view  a  weighty 
set  (il  Ldn.^idcraiiouh  presents  itself.  If  X  rays  be  indeed 
ultra-violet  light,  then  that  light  must  possess  the  following 
propel  tics  : 

(a)  It  ih  not  reiracted  in  passing  from  air  into  water,  car- 
bon biisulphidc,  aluminum,  rock  salt,  glass  or  zinc. 

lb)  It  is  inca|)able  of  regular  reflection  at  the  surfaces  of 
the  above  bodies. 

(c)  It  cannot  be  polarized  by  any  ordinary  polarizing 
media. 

[d)  Ihe  absorption  by  various  bodies  must  depend  chiefly 
on  their  density. 

that  is  to  say,  these  ultra-violet  rays  must  behave  quite 
differently  trom  the  visible,  infra-red  and  hitherto  known 
ultra-violet  rays. 

rhcJic  things  appear  so  unlikely  that  1  have  sought  for 
another  hypothesis. 

A  kind  ol  relationship  between  the  new  rays  and  light 
rays  appears  to  exist ;  at  least  the  formation  of  shadows^ 
rtuoresccnce,  and  the  production  of  chemical  action  point  in 
this  direction.  Now  it  has  been  known  for  a  long  time  that, 
besides  the  transverse  vibrations  which  account  for  the  phe- 
nou^cna  ol  light,  it  is  possible  that  longitudinal  vibrnttoos 
sbt.)uld  exist  in  the  ether,  and,  according  to  the  view  ol  some 
phvMcisis,  luu^t  exist.  It  is  granted  that  their  existence  has 
iK>i  vet  Ik'cu  made  clear,  vUid  their  properties  are  not  ex  peri- 
mcniaily  deuK»u^tI  ated.  Should  not  the  new  rays  be  ascribed 
iv)  ioUi;ituUinai  \vave>  in  the  ether? 

I  •uu>t  ^.>uie>^  that  1  have  hi  the  course  of  this  research 
uia^^ie  uuNcii  :nore  aiiu  mote  lamiliar  with  this  thought,  and. 
\*.iiiuu   u»  i»uL  the  opinion  lorward,  while  I  am  quite  con* 
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scious  that  the  hypothesis  advanced  still  requires  a  more 

solid  foundation- 


X    KAV   APPARATUS   AND   ITS    MANIPULATION, 

Bv  W,   H.   Meadowchoft. 

Assuming  that  one  has  decided  to  acquire  an  X  ray  out* 
fit,  a  choice  must  be  made  between  three  distinct  types  of 
exciting  apparatus:  (i)  an  induction  coil  of  the  Ruhmkorff 
type;  (2)  a  high  frequency  cuil ;  or  (3)  a  static  machine. 
This  choice,  however,  is  necessarily  limited  by  the  kind  of 
electric  current  that  may  be  available  for  the  excitation  or 
operation  of  the  apparatus. 

The  fortunate  individual  who  can  obtain  either  continu- 
ous or  alternating  current  from  a  lighting  company  or  other 
source  may  really  make  a  choice.  He  could  excite  the 
Ruhmkorfi  coil  (i)  directly  by  the  continuous  current 
through  a  bank  of  lamps*  or  (2)  by  means  of  a  storage  bat- 
tery charged  from  the  continuous  current  circuit,  or  {3)  by 
means  of  a  motor  generator  operated  by  the  same  current. 
If  he  preferred  the  high  frequency  set^  he  would  be  able  to 
operate  that  from  the  alternating  current.  Or,  if  his  prefer- 
ence were  for  the  static  machine,  he  could  so  choose,  and 
revolve  the  plates  by  means  of  a  motor  actuated  by  either 
continuous  or  alternating  current. 

It  will  be  apparent,  therefore,  that  with  the  continuous 
current  available,  two  types  of  apparatus  may  be  used — the 
Ruhmkorff  coil  or  static  machine.  The  alternating  current 
also  gives  a  choice  of  two  types,  namely,  the  high  frequency 
coil  or  the  static  machine. 

If  a  regular  lighting  current  is  not  available,  the  choice 
necessarily  lies  between  the  I^uhmkorff  coil  and  static  ma- 
chine, with  a  great  preponderance  in  favor  of  the  former^ 
because  it  is  more  reliable  and  can  be  excited  by  a  few  cells 
of  primary  or  secondary  battery.  While  it  is  quite  true  that 
the  plates  of  a  static  machine  can  be  revolved  by  a  motor 
taking  its  current  from  a  battery,  this  is  quite  an  expensive 
and  troublesome  method  of  operation  and  practiced  only  to 
a  very  limited  extent.     There  are  some  cases  where  a  static 


380  EXPERIMENTAL   SCIE.NXE — APPENDIX 

machine  is  revolved  by  hand,  but  these  are  extremely  rare, 
as  the  power  required  for  the  production  of  penetrating  X 
rays  of  high  efficiency  is  such  that  it  is  necessary  to  have  a 
very  strong  man  to  turn  the  crank. 

Should  the  reader  be  contemplating  the  acquisition  of  X 
ray  apparatus,  and  be  so  situated  that  he  is  unable  to  have 
access  to  either  a  continuous  or  an  alternating  electric  light 
circuit,  he  will  be  wise  to  purchase  a  coil  of  the  Ruhmkorff 
type  and  excite  it  with  primary  or  secondary  battery,  ac- 
cording to  circumstances.  If  there  is  an  electric  plant  (con- 
tinuous current)  within  a  reasonable  distance,  a  storage  bat- 
tery in  portable  form  (which  can  be  carted  over  to  the 
electric  plant  to  be  recharged)  will  give  the  most  satisfac- 
tory results,  with  the  least  trouble  and  expense.  If  this  is 
impracticable,  then  any  good  form  of  primary  battery  can 
be  used  with  success  ;  and  for  this  purpose  there  is  probably 
nothing  better  than  the  Edison-Lalande  cell,  with  its  large 
ampere  output  and  non-polarizing  qualities. 

It  will  be  seen,  therefore,  that  induction  coils  of  the 
Ruhmkorff  type  would  naturally  be  the  form  of  apparatus 
most  generally  used  for  the  excitation  of  Crookes  tubes  and 
the  production  of  the  X  rays.  Such  is  the  fact,  and  the  re- 
mainder of  this  article  will  be  devoted  to  a  description  of  a 
typical  high-class  set  of  apparatus  of  that  kind,  together 
with  some  remarks  as  to  its  manipulation  to  produce  prac- 
tical results. 

The  set  of  apparatus  which  has  been  used  daily  by  the 
writer  for  the  last  twenty-eight  months  is  shown  in  the 
illustration.  It  was  made  by  the  General  Electric  Com« 
pany,  and  consists  of — 

Thomson  inductorium  14  inch  spark, 

Condenser, 

Circuit  breaker. 

Rheostat, 

Reversing  switch, 

Crookes  tube. 

Adjustable  tube  stand, 

Fluoroscope. 

rhe    inductorium    is   u    modern    induction    coil    of    the 
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^m        Riihmkorff  type,  specially  designed  by  Prof.  Elihu  Thom- 

■ 

^H        son  for  the  purpose  of  giving  the  **  fat  "  continuous  stream 

■ 

^B        of  sparks  so  desirable  for  the   production  of  X  rays.     The 

1 

1  1^1 

V 

V 

1 

-^  '^T       ™ 

« 

mi: 

B 

1^         1^ 

■     a 

< 

J 

®        Mr 

^^9 

^ 

^^                          .^^Cfl 

V 

'      ! 

3 

4:--  .i^               t-*!  ■ 

6 

''                     B        ' 

* 

1 

il 

i 

* 

^]* 

1 

( 

1 

hi 

1*'.', 

F 

-  M 

V 

N 

1 

4        i 

1 

i 

general  plan  of  the  coil  is  on  the  well-know^n  lines,  but  ar- 

ranged  somewhat  differently  in  detail     The  core  is  made  up 

1         of   fine,  soft  iron  wires,  well   annealed  and   wound   with  a 

J 

*A  i:«isin^  wire.     Surrounding  this  tsahesTy 
/(  hf/lid  mica.     The  secondarf  cofl  ooosists 
WQUiiil  w'ilh  abfjut  20  miles  of  Xo.  54  wire; 
witll  liiMit^r<l,  I  he  sections  being  sej^rated  by  heai'v*  solid 
r  '  '  t<.!i.     These  parts  are  assembled  and 

h  i  ^  mahog^any  b<^x,  ^j  arranged  that  the 

C<HI  itmy  b€  liamilcd  and  transported  withoot  the  slightest 
ilmi^f^r  r4  injury,  Allhou^li  iKc  coil  is  well  insulated 
tlirougliout,  complete  inoculation  is  insured  by  filling-  the  box 
hIiH  n  ftijectaily  prepared  oiL  The  discharge  terminals  are 
littt'd  in  tiockrtH  and  the  |>iirnary  terminals  lead  to  binding 
M  icUh  nil  |[i4-  uiitsidc  cif  tlu*  hcjx. 

Fig.  1501 


MQ^ 


Hf>|2ulAtor 


Circuit  Breaker. 


{'\w  iundenser  is  separate  and  of  the  adjustable  type. 
\\\\\\  i\  rapatity  o(  about  5  microfarads*  The  contact 
l»ivak«  r  is  ids**  a  nrpunUc  piece  of  apparatus  of  the  vibnUtng^ 
(x^Uenu  providing  fi)r  the  breaking  of  the  circuit  ander 
water  and  tnu<  in^urtnic  a  more  rapid  and  complete  break. 
vvilh  a  c*.trt\>p\>ndin^ly  increased  efficiency.  The  break  is 
cau^nt  by  a  .sudden  blow  struck  by  a  weight  vibratiog  om 
ihe  eml  of  a  Hat  spring.  Interruption  of  the  current  takes 
|\)ace  under  water  ami  at  two  ^Kunts  simultaneously;  bence 
there  is  an  inunetliale  e\tiiK"tion  of  the  spark.  Renevdof 
the  wearing  jwrts  ami  ot  the  vrater  can  be  made  Tcnr 
i^wickly^  Regulation  ot  the  output  o{  the  cv>il  is  efcctr-'  ^^» 
me^tkH  kd  the  suiatt  rhcvi&tat  shown  in  the  iUustratiuQ. 

Aav  ^Hie  oi  ihe  varkuis  kinds  of  CnM>kes  tubes  may  be 
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used  with  this  apparatus,  but  the  writer  has  found  that  the 
pattern  shown  in  the  illustration  seems  to  be  best  adapted  to 
the  output  of  the  coil  above  described.  This  tube  is  of  the 
single  focus  type,  that  is  to  say,  it  is  provided  with  two 
electrodes,  viz.,  a  concave  cathode  of  aluminum  and  a  flat 
platinum  anode,  or  target,  placed  at  an  angle  of  about  6o 
degrees.  The  main  body  or  bulb  is  5  inches  in  diameter, 
and  the  terminals  are  carried  through  long  necks  to  a  dis- 
tance of  15  inches  apart.  Attached  to  the  exhaust  tube  is 
an  auxiliary,  vacuum-regulating  tube  containing  a  chemical 
mixture  into  which  is  sealed  a  platinum  wire  terminating  in  a 
loop  outside  the  tube.  The  use  of  this  auxiliary  tube  is  to  re- 
duce the  vacuum  when  it  has  risen  too  high  in  continued  use. 
In  all  tubes  exhausted  to  a  Crookes  degree  of  vacuum, 
which  is  estimated  to  be  about  one-millionth  of  an  atmo- 
sphere, there  remains  in  the  tube  a  very  small  residuum 
of  air  molecules.  At  this  stage  of  vacuum  these  air  mole- 
cules form  a  path  for  an  electric  discharge  to  pass,  and  the 
tube  will  be  an  abundant  source  of  X  rays  under  proper  ex- 
citation. When  the  tube  is  excited,  the  platinum  target 
becomes  more  or  less  heated  and  throws  off  minute  particles 
which  fly  to  the  sides  of  the  glass  bulb,  thus  causing  the 
blackening  seen  on  a  much  used  Crookes  tube.  Now,  pla- 
tinum, on  cooling,  has  the  property  of  occluding  ^or  locking 
up)  surrounding  molecules  of  air  or  gas ;  hence,  when  the 
operator  ceases  exciting  a  tube,  there  will  be  a  cooling  of  all 
parts  and  the  occlusion  of  some  part  of  the  residual  air  in 
the  tube,  not  only  by  the  platinum  target,  but  also  by  the 
tiny  particles  projected  to  the  inside  of  the  glass  bulb.  It 
thus  follows  that,  with  continued  use,  the  residual  air  or  gas 
in  the  tube  will  gradually  become  less  and  less.  The  result 
is  that  the  vacuum  continually  rises  until  the  tube  has  be- 
come so  high  that  the  electric  discharge  will  not  pass 
through  it,  and,  consequently,  the  tube  is  no  longer  a  source 
of  X  rays.  It  can  be  temporarily  restored  to  a  lower  de- 
gree of  vacuum  by  heating  and  releasing  the  occluded  gases, 
but  this  is  only  a  temporary  expedient.  The  auxiliary  ad- 
justing tube  above  mentioned  comes  into  play  when  the 
vacuum   has  become  too  high.     The  negative  terminal  of 
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the  coil  is  then  changed  from  the  cathode  end  of  the  tube 
and  cf)nnectcd  to  the  platinum  wire  terminal  of  the  auxiliary 
tube  and  current  turned  on.  This  decomposes  the  chemical 
substance  and  disengages  vapor  which  goes  into  the  main 
bulb,  and  thus  reduces  the  vacuum  to  a  point  at  which  X 
rays  may  again  be  produced  if  the  connection  with  the 
cathode  be  restored. 

The  remaining  item  of  apparatus,  the  fluoroscope,  is  yet 
to  be  described*  The  purely  mechanical  part  consists  of  a 
tapering  box,  painted  or  stained  a  dead  black  inside,  and 
provided  with  a  patent  leather  hood  edged  with  soft,  black 
trimming  and  shaped  to  fit  over  the  eyes  to  exclude  light. 
A  handle  is  fitted  for  convenience  in  holding.  The  screen^ 
or  operative  part,  is  fastened  on  at  the  broad  end,  and  mav 
consist  of  cardboard  or  aluminum.  That  part  of  this  screen 
that  is  inside  the  box  is  coated  with  crystals  of  either  cal- 
cium tungstate  or  platino-cyanide  of  barium,  secured  in 
place  with  lacquer  or  other  adhesive  material.  Calcium 
tungstate  was  almost  exclusively  used  for  along  time  on  ac- 
count of  its  comparative  cheapness,  but  at  this  date  platino- 
cyanide  of  barium  is  practically  in  universal  use.  Although 
this  latter  salt  is  very  expensive,  it  has  advantages  over  cal- 
cium tungstate  that  more  than  compensate  for  the  higher 
cost.  It  fluoresces  more  brilliantly,  gives  much  clearer 
definition  of  objects  examined,  does  not  retain  an  image  of 
the  object  previously  examined  when  the  rtuoroscope  is 
moved  to  another  spot,  and  instantly  loses  its  fluorescence 
upon  cessation  of  X  rays. 

The  set  of  apparatus  illustrated  is  shown  as  being  oper- 
ated by  a  motor  generator,  taking  its  current  from  the  regu- 
lar 1 10  volt  continutjus  current  circuit.  This  piece  of  ap- 
paratus  is  the  most  convenient  and  least  troublesome  source 
of  current  where  a  continuous  circuit  is  available.  It  re- 
ceives current  at  from  loo  t<>  120  volts  and  li  amperes  at 
the  motor  end*  and  delivers  from  the  generator  terminals 
current  at  6  volts  and  14  amperes. 

A  few  hours*  careful  study  of  the  details  of  manipula^ 
tion  will  enable  an  intelligent  operator  to  obtain  good 
results  from  any  set  of  well  made  apparatus.     By  the  exer- 
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cise  of  intelligence,  forethought  and  patience,  one  may  sue* 
ceed,  with  a  set  of  g'ood  apparatus,  in  producing  as  fine 
X  ray  work  as  can  be  done  in  the  present  state  of  our 
knowledge  of  this  interesting  subject. 

The  coil  is  first  tested,  to  see  if  it  is  in  proper  condi- 
tion, by  turning  current  into  the  motor  generator,  and 
thence  to  the  coiL  If  the  latter  is  in  good  working  order,  a 
stream  of  sparks  will  pass  between  the  terminals.  Current 
may  then  be  switched  off  and  the  Crookes  tube  adjusted  in 
the  tube  stand  in  the  proper  position  for  taking  the  picture 
(as  will  be  explained  later),  and  connections  made  between 
it  and  the  discharge  stands  on  top  of  the  coil  by  means  of 
fine  wire.  All  the  resistance  of  the  rheostat  is  thrown  in  to 
reduce  the  sparking  output  of  the  coil  to  its  lowest  point, 
and  then  current  is  once  more  turned  on  for  the  purpose  of 
testing  the  tube.  If  that  is  all  right,  current  is  turned  off 
and  the  sensitized  plate  (wrapped  in  black  paper  or  held  in 
a  plate  holder)  is  brought  in  and  placed  on  the  table  or  in 
the  position  best  adapted  for  making  the  picture. 

Assuming  for  the  moment  that  it  is  an  arm  of  which  a 
picture  is  desired,  the  plate  is  placed  on  the  table  (fihn  side 
up),  and  the  patient "s  arm  on  top  of  it.  The  Crookes  tube, 
in  its  holder,  is  then  placed  immediately  o\'er  it,  and  from 
12  to  24  inches  above  it,  care  being  taken  that  the  center  of 
the  platinum  target  in  the  tube  is  as  nearly  as  possible  in  a 
plumb  line  wnth  that  part  of  the  arm  to  be  radiographed. 
The  current  is  now  turned  on  again  and  resistance  gradii- 
atly  thrown  out,  II  the  tube  is  giving  out  an  abundance  of 
X  rays,  an  exposure  of  two  or  three  minutes  ought  to  be 
ample  lor  a  picture  of  this  kind.  At  the  termination  of  this 
time,  current  is  turned  off,  and  the  plate  developed  m  the 
dark  room  in  the  usual  manner- 

The  above  is  a  general  outline  of  the  method  of  proce- 
dure  in  taking  an  X  ray  picture,  or  radiograph,  as  it  is  fre- 
quently termed.  V^ariations  from  this  method  are  necessi- 
tated only  by  the  condition  of  the  apparatus  and  the  kind  of 
picture  to  be  taken. 

As  a  general  rule,  a  first-class  set  of  exciting  apparatus 
and  accessories  will  seldom  get  out  of  order  if  properly  used 
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An  X  Raj  Photograph  of  a  Hand  Containing  Seventy- two  Shot 
Taken  by  Dr.  Pupin. 
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and  cared  for.  It  would  be  impossible  within  the  limits  of 
this  article  to  enumerate  what  may  have  happened  after  it 
has  been  found,  upon  preliminary  test,  that  the  apparatus 
does  not  vvork  well  Generally  this  can  be  ascertained  by 
a  careful  examination.  The  most  frequent  trouble  that  will 
be  found  in  a  case  like  this,  if  the  set  is  operated  b_v  batteries^ 
will  be  that  one  or  more  cells  of  the  battery  will  have  be- 
come disconnected,  or  have  bad  connections,  or  may  have 
run  down,  in  either  of  which  cases  the  proper  remedy  can 
be  applied. 

The  trouble  that  most  frequently  arises  is  in  the  Crookes 
tube  itself.  This  part  of  the  apparatus,  as  will  be  quite 
obvious,  is  the  most  important  item  of  all,  and  at  the  same 
time  the  most  fragile  and  uncertain*  Manufacturers  of 
Crookes  tubes  undoubtedly  exercise  the  utmost  care  in 
making  them,  but  the  limitations  of  the  tubes  themselves 
are  so  narrow — no  matter  how  well  and  carefully  they  may 
be  made — that  they  must  be  carefully  handled  and  used  to 
preserve  their  usefulness  for  any  great  length  of  time.  The 
writer  has  had  tubes  that  have  stood  continued  use  for  from 
six  to  twelve  months,  and  similar  cases  are  quite  numerous, 
but  this  is  not  always  the  case.  In  the  practice  of  the  aver- 
age physician  or  surgeon,  a  tube  ought  to  give  good  service 
for  many  months  if  it  is  carefully  used.  A  Crookes  tube 
should  not  be  regarded  as  a  plaything,  nor  does  its  structure 
warrant  it  in  being  used  carelessly.  It  is  fragile  at  the  best, 
and  should  be  treated  with  that  idea  in  mind. 

In  the  ordinary  use  of  a  Crookes  tube  for  taking  radio- 
graphs or  making  fluoroscopic  examinations,  the  natural 
tendency  of  the  tube  is  to  gradually  rise  in  vacuum.  If  it 
has  an  attachment  for  regulating  the  vacuum,  as  above  de- 
scribed, there  should  be  but  little  trouble  on  this  account; 
but,  if  not,  the  only  resource  is  to  heat  it  when  the  vacuum 
has  risen  too  high,  and  to  repeat  this  treatment  as  often  as 
the  tube  will  respond  to  it.  When  it  cannot  be  restored  to 
a  working  condition  by  this  method,  it  will  be  best  to  have 
it  re-exhausted. 

It  has  been  found  by  experience  that  it  is  not  wise  to 
turn  the  full  current  on  when  first  operating  the  tube.     If 
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the  tube  has  a  high  vacuum,  the  turning  on  of  the  full  cur- 
rent at  once  is  apt  to  cause  puncture,  but  by  starting  at  the 
least  current,  and  gradually  throwing  out  resistance  as  the 
tube  warms  up,  the  maximum  results  may  be  obtained ;  as  a 
tube  that  is  high  in  vacuum  will,  when  once  got  into  nor- 
mal operation,  give  the  most  penetrating  and  powerful  X 
rays,  A  tube  of  low  vacuum  does  not  give  as  penetrating 
rays^  and  should  only  be  used  for  very  simple  cases,  such  as 
hands.  A  tube  of  about  normal  vacuum,  that  is  to  say,  a 
tube  that  is  easily  excited,  fluoresces  strongly,  and  gives  an 
abundance  of  X  rays,  may  be  used  for  almost  any  kind  of 
radiograph.  With  a  tube  of  this  kind  operated  on  a  coil 
giving  from  8  to  12  inch  sparks,  a  hand  shcndd  be  taken  in 
about  one  minute,  an  arm  in  from  tw^oto  three  minutes,  the 
lower  part  of  the  leg  or  foot  in  about  four  minutes,  and  the 
thigh  in  frcini  five  to  six  nrnutes.  For  an  exposure  through 
the  upper  part  of  the  body,  about  ten  minutes  should  be  al- 
io wed,  and  through  the  lower  j>^rt  of  tlie  trunk  (rom  fifteen 
to  twenty  minutes,  A  radiograph  of  the  pelvis  is  one  of  the 
most  difficult  to  make  successfully,  ami  from  twenty  to 
twenty-five  niituites  is  usually  required  for  a  good  picture. 
Many  pictures  of  the  above  parts  of  the  body  have  been 
taken  in  much  less  time  than  given  above,  but  in  such  cases 
it  is  only  where  the  tube  has  been  in  exceptionally  fine  con- 
dition and  working  to  the  utmost  advantage.  The  distance 
of  the  tube  from  the  body,  especially  in  an  exposure  of  five 
minutes  and  upward,  should  never  be  less  than  12  inches 
and  preferably  18  to  24  inches.  If  the  tube  is  too  near  the 
object  radiographed,  there  w  ill  be  less  sharpness  of  defini- 
turn  and  more  danger  of  injury  to  the  skin  than  w  hen  the 
tube  is  further  away.  The  times  for  exposure  just  enumer- 
ated are  for  a  person  of  average  size.  With  stout  people, 
the  time  should  be  increased  about  10  to  20  per  cent 

In  practice,  the  writer  uses  a  spark  gap  in  series  wnth  the 
tube.  Preferably  this  spark  gap  is  at  the  positive  discharge 
terminal  of  the  machine.  The  w^ire  leading  from  the  cathode 
terminal  of  the  tube  to  the  negative  terminal  of  the  coil  is 
connected  directly,  without  break.  The  terminal  from  the 
anode  (the  platinum  target  end)  of  the  tube  is  connected  by 
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wire  to  a  movable  stand  which  may  be  so  adjusted  as  to 
make  direct  or  broken  connection  with  the  positive  terminal 
of  the  coil. 

In  operating  the  tube  this  spark  g^ap  is  varied  from,  say 
one-quarter  uf  an  inch  to  one  inch,  so  that  the  spark  will 
jump  from  the  positive  terminal  of  the  coil  to  the  adjustable 
stand  and  the  discharge  will  pass  aUrng  the  wire  and  through 
the  tube.  This  is  intended  to  overcome  to  some  extent  the 
oscillatory  nature  of  the  discharge  from  the  coil,  and  tends 
to  produce  a  steady  fluorescence  in  the  tube*  The  introduc- 
tion of  this  spark  gap  also  tends  to  keep  down,  to  a  great 
extent*  the  heating  up  of  the  platinum  target  under  the  bom- 
bardment of  the  cathode  rays.  The  writer  has  found  in 
practice  that  the  use  of  this  spark  gap  will  frequently  make 
the  difference  between  the  imperfect  and  perfect  working 
of  a  Crookes  tube.  In  this  connection,  it  may  be  noted  for 
the  benefit  of  those  who  are  not  already  familiar  with  the 
fact  that  the  negative  terminal  of  the  coil  may  always  be 
ascertained  by  observing  the  spark.  It  will  be  noted  that 
the  spark  is  thicker  at  one  discharge  terminal  than  the  other, 
and  this  will  be  found  to  be  the  negative  discharge  terminal 
of  the  coil. 

In  placing  the  tube  in  position  for  taking  a  radiograph, 
it  is  not  necessary  that  the  platinum  target  shall  be  parallel 
with  the  object  of  which  a  picture  is  to  be  made,  so  long  as 
the  tube  is  so  placed  that  the  face  of  the  platinum  target  is 
opposite  to  the  object,  and  the  center  of  the  target  is  about 
m  line  with  that  part  of  the  object  which  is  most  desired  to 
be  taken. 

If  desired,  the  tube  may  be  inclined  slightly  downward, 
so  that  the  target  is  almost  parallel  to  the  object.  The 
radiographing  of  various  parts  of  the  human  body  gives  op- 
portunity for  the  exercise  of  considerable  ingenuity  to  get 
the  best  results.  The  first  requisite  is  that  the  part  to  be 
radiographed  shall  be  as  near  as  possible  to  the  sensitized 
plate,  and  that  the  picture  shall  be  taken  "  square  on  '*  and 
not  from  a  side  or  diagonal  view.  In  taking  a  hand,  or  the 
lower  portion  of  the  arm,  or  through  the  foot,  it  is  not 
necessary  for  the  patient  to  be  in  a  reclining  position,  but 
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for  ail  other  [)ictures  it  is  advisable  that  the  reclining  posi- 
tion i)e  assumed  to  insure  the  ;L^rcatest  possible  steadiness  of 
the  oDJect.  Verv  little  motiou  disturbs  and  diffuses  thetiut- 
lines  and  lessens  the  value  ot  the  picture.  It  is  in  ail  cases 
desirable  to  use  sensitized  plates  wrapped  in  black  and 
oran^-e  paper,  rather  than  to  put  thena  in  plate  holders. 
Sensitized  plates,  already  wrapped,  are  sold  by  photographic 
supply  'lealers.  Plates  so  wrapped  can  be  brought  into 
closer  contact  with  the  patient  iuid  enable  the  operator  to 
make  a  much  clearer  |.)icture  than  w(juld  otherwise  be  pn>- 
duced.  An  object  placed  at  a  distance  ()t  quarter  of  an  inch 
from  the  j)iate  will  be  much  enlaru^ed,  luid  this  enlargement 
will  l)e  still  turther  maiJ^nihed  and  the  outlines  will  be  less 
rlistinct  the  turther  it  is  a  way  from  the  [)late. 

It  is  scarcely  necessary  to  add  that  while  the  ability  to 
make  Huoroscopic  examinations  ot  tractures,  dislocations^ 
foreitcn  objects,  etc.,  is  oi  L^reat  beneht  and  convenience  to 
the  practitioner,  it  is  scarcely  advisable  to  perform  an  oper- 
ation with<.)ut  makinii:  a  radiograph.  A  |)icture  of  this  kind 
is  cumulative  and  will  show  c(jnditions  which  cannot  be  per- 
ceived bv  the  eve.  In  cases  where  needles  or  other  metallic 
objects  have  entered  the  body,  it  is  desirable  to  perform  the 
operation  as  soon  as  |)ossible  alter  the  radiograph  has  been 
taken,  as  such  objects  will  ire(|uently  move  within  24  hours. 
The  writer  lias  had  several  cases  in  which  needles,  particles 
of  steel,  and  in  nnc  case  a  j2-calibcr  bullet,  were  shown  to 
iiave  moved  their  positi(jns  by  a  second  radiograph  made 
within  24  hours 

V\<j;.  1 32  '-iiows  a  Huorometer  for  casting  un  the  fluores- 
cent <creen  a  shadow  of  a  rod  toy^ether  with  the  object 
i)eini^  examined,  and  a  :^raUntc,  to  more  accurately  locate 
the  iwiints  in  fjuestion. 

!'here  are  manv  '»ther  deTails  .)!  manipulation  that  go  to 
inai<e  'ipihe  ^-uccessiui  operation  ol  a  set  01  X  ray  apparatus, 
>ut  T  1^  scarce iv  possible  to  :j:.:  into  rhem  at  length  in  this 
.iiric  iej.  \h>>\  Ml  them  will  naturally  occur  to  the  <.)peracor 
..{  lu-  fdur^r-  •»!  his  iLse  Ml  rhe  ap|>arafus.  Such  as  are  given 
.11).  .vc  Tiay  )e  iomid  to  oe  iiseiui  to  those  whcj  are  commenc- 
ing or    A  no    lave   not   vet   nad   >;urhcieni   experience  to  call 


by  the  General  Electric  Company  to  the  United  States 
government  for  the  hospital  ship  **  Relief  "  sent  to  Cuban 
waters. 
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AN    ELECTRIC   CHIME. 


Notwithstanding  the  fact  that  much  of  the  music  pro- 
duced by  chimes  is  rendered  with  discords  and  a  clangor 
little  less  than  barbarous,  most  people  like  this  sort  of  music 
and  are  ever  ready  to  listen  to  it.  Possibly  one  reason  for 
this  is  that  this  music  is  not  so  common  as  other  kinds; 
another  is  that  there  is  a  kind  of  unwritten  poetry  about 
bellH  that  appeals  to  everybody* 

Tower  chimes  are  for  the  public,  and  rich  and  poor  alike 
I  All  enjoy  thenit  but  smaller  chimes  are  mainly  for  those 
who  are  able  to  | purchase  them;  in  fact,  they  may  be  classed 
among  kixurie;^.  However,  house  clock  chimes  bring"  bell 
music  out  of  the  list  of  the  extraordinary  and  place  it  within 
the  range  of  e very-day  home  life.  There 
Fia  153  is  no  reason  why  any  one  with  a  mechan- 

ical turn  of  mind  cannot  construct  a  chime 
without  much  expense.  All  that  is  needed 
is  a  lathe»  a  few  tools  and  eight  or  ten 
ordinary  hand  bells.  The  bells  are  to  be 
tuned  so  that  when  struck  they  will  yield 
the  notes  of  the  diatonic  scale.  Tuning  is  a 
comparatively  simple  matter.  If  the  work- 
man  does  not  happen  to  have  a  musical 
ear,  he  can  procure  the  assistance  of  some  one  who  has. 

A  fine  bell  made  of  genuine  bell  metal  is  one  thing,  and 
the  ordinary  hand  bell  sold  at  the  hard\vare  and  house  fur- 
nishing goods  stores  is  quite  another  thing;  still  the  latter 
affords  the  most  available  material  for  a  chime^  and  withal 
answers  a  very  good  purpose. 

The  writer  had  the  good  fortune  to  find  a  dealer  who 
was  kind  enough  to  allow  him  to  select  from  a  large  number 
eight  bells  having  approximately  the  required  pitch  for  an 
octave,  and  two  additional  bells,  one  above  and  the  other 
below  the  octave.  These  bells  first  oi  all  had  to  be  tuned 
la  render  thera  useful  m  a  chime.  This,  although  a  simple 
operatioii  mechanically,  requires  some  skill  in  determining 
the  pitch,  as  an  ordinary  bell  generally  yields  two  or  more 
discordant  notes. 
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The  bell  to  be  tuned  is  chucked  on  the  lathe  bj 
of  a  concave  wooden  chuck  secured  to  the  face  plate.  If 
the  lathe  has  a  hoDow  mandrel,  the  beU  maj  be  held  in 
place  by  a  long  bolt  extending  thrcuugh  the  bell  and  lathe 
mandrel  After  the  bell  is  centered,  so  that  its  lim  runs 
true,  a  block  is  fitted  to  it  at  a  point  irithin  lie  tiiicker 
portion  of  the  rim  and  held  in  place  bj  the  tail  stock  of  the 
lathe.  This  prevents  vibration  and  lie  chattering  of  tie 
tool ;  an  ordinarj  hand  brass-turning  tool  is  used-  If  tie 
pitch  of  the  bell  is  too  high,  and  it  is  required  to  lower  it, 
the  thick  part  of  the  rim  is  turned  off  on  the  line,  a,  as 
shown  in  Fig.  153  If,  on  the  other  hand,  the  pitch  is  too  low, 
it  is  raised  bv  turning  off  the  edge  of  the  rim  on  the  line,  b. 
Whenever  it  is  desired  to  test  the  ncnje  of  the  beU,  the  block 
is  removed  and  the  bell  is  struck  with  a  small  wooden  mal- 
let. The  note  can  be  compared  with  that  of  a  piano  or 
other  musical  instrument,  or  the  proper  pitch  can  be  20"- 
rived  at  bv  comparing  the  bells  with  each  other.  It  is 
scarcely  practicable  to  tune  the  chime  to  any  particular  key 
unless  the  majority  of  the  beUs  are  near  the  required  pitci 
at  the  start 

After  the  ?>ells  are  tuned  they  are  each  provided  with  an 
electric  bell  hammer,  as  shown  in  the  first  bell  of  the  scries 
in  the  uppei  part  of  Fig,  1 54  As  this  bell  hammer  is  almost 
identical  with  that  of  an  electric  bell  of  comparatively  re- 
cent invention,  the  writer  in  justice  tr>  himself  mu5?t  say  that 
this  electric  bell  was  devised  by  him  long  before  the  bell 
alluded  to  was  known  to  the  public 

The  magrnet  core  is  reduced  in  diameter  at  its  upper  end 
and  extends  through  the  aj>erture  at  the  top  of  the  bell  and 
is  threaded  to  receive  two  nuts,  between  which  a  wire  is 
clarnj^ed.  These  wires  from  the  f^everal  bells  are  connected 
with  thr  ccmtact  sp>rings  or  keys  of  tie  current-*controlling 
mechanism  shown  at  tie  center  of  Fig.  154  The  core  is 
insulated  frc>m  the  belL  and  between  the  lower  nut  a»d  tie 
bell  is  clamj^ed  a  voke  or  loc»p  which  is  in  electrical  comtact 
with  the  bell,  but  insulated  from  the  core.  On  the  core  is 
placed  :\  bc>bbin  wound  i^-ith  Xo.  24  wire.  To  tie  lower  etod 
of  core  is  attached  a  f^ole  e3aension,  which  readies  beyoDd 
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the  periphery  of  the  bobbin  and  is  provided  with  a  short 
copper  stud  to  prevent  the  sticking  of  the  armature.  To 
the  core  above  the  bobbin  is  pivoted  the  armature,  which 
extends  downward  over  the  side  of  the  bobbin  to  a  point 
opposite  the  pole  extension.  The  armature  is  prolonged 
beyond  its  pivot  and  drilled  to  receive  the  hammer  wire, 
which  extends  downwardly  toward  the  mouth  of  the  bell 
and  carries  a  hollow  metal  hammer  containing  a  wooden 
plug.  The  hammer  is  arranged  to  strike  on  the  thicker 
portion  of  the  bell  rim.  One  terminal  of  the  bobbin  is  con- 
nected with  the  magnet  core,  the  other  with  the  bell;  each 
bell  is  supported  by  a  bracket,  the  end  of  which  enters  the 
yoke  or  loop. 

The  brackets  are  connected  electrically  and  communi- 
cate through  a  wire  with  one  pole  of  the  battery,  the  other 
pi>le  of  which  is  connected  with  a  spring  which  presses  on 
the  shaft  of  the  metallic  drum  of  the  current-distributing 
machine.  The  springs  before  alluded  to  press  on  the  cylin- 
der through  perforations  in  a  strip  of  paper  on  which  is 
arranged  the  music  to  be  played.  The  springs  are  attached 
to  a  bar  which  may  be  turned  back  so  as  to  remove  the 
springs  from  the  paper  strip  and  the  drum  to  facilitate  the 
introduction  of  a  new  paper  strip.  Above  the  drum  is 
placed  a  wooden  roller,  the  gudgeons  of  which  are  pressed 
downward  by  springs — the  roller  being  designed  to  insure 
sufficient  friction  of  the  paper  to  carry  it  with  a  positive 
motion  through  the  machine.  A  worm  wheel  secured  to  the 
shaft  of  the  metal  drum  is  driven  by  a  worm  on  a  shaft 
extending  at  right  angles  to  the  drum  and  carrying  a  spur 
wheel  which  receives  its  motion  from  a  pinion  on  the  shaft 
of  the  electric  motor.* 

When  the  electric  chime  is  connected  with  a  clock,  as 
shown  in  Fig.  155  it  is  necessary  to  provide  a  very  long  per- 
forated paper  strip  or  to  employ  a  perforated  endless  paper 
:>elt,  and  to  provide  means  for  starting  the  motor  at  the 
proper  time  and  stopping  it  when  the  piece  is  finished.  The 
mechanism  tor  doing  this  is  shown  diagrammaticallv  in  Fig. 

♦  Any  electric  moior  will  answer.  This  particular  one  is  described  in 
detail  in  ^ifM.'f-V  A^i^ncan  ^uprUmrnt,  No.  763. 
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156  In  this  case  the  let-off  mechanism  is  arranged  to  operate 
every  half  hour,  but,  of  course,  it  could  be  made  so  as  to 
operate  every  quarter  hour. 

On  the  minute  hand  arbor  are  secured  two  cams,  a,  and 
to  the  frame  of  the  clock  is  secured  the  spring  arm,  B,  fur- 
nished with  a  triangular  arm  projecting  into  the  path  of 
the  cams,  a.  The  free  end  of  the  spring  arm  carries  a  weight. 

Fig.  156. 


Let-Off  Mechanism. 

and  in  an  insulating  bar,  placed  between  the  arbor.  A,  and 
support  of  the  spring  arm,  B,  is  inserted  a  contact  screw, 
C.  The  spring  arm,  B,  is  held  normally  out  of  contact  with 
the  contact  screw,  C.  When  the  arm,  B,  is  raised  by  one  of 
the  cams,  a,  and  released,  the  momentum  of  the  weight  at- 
tached to  the  free  end  of  the  arm  carries  the  arm  beyond  its 
normal  position  and  momentarily  closes  the  circuit  on  the 
contact  screw,  C.  The  electrical  contact  is  prolonged  by 
virtue  of  the  momentum  of  the  weight  and  the  bending  o? 
the  spring  arm. 
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The  contact  screw,  C,  is  connected  with  one  pole  of  the 
battery,  and  the  remaining:  pole  is  connected  with  one  term* 
inal  of  the  mag-net »  D,  the  other  terminal  being  connected 
with  the  spring  arm,  B.  The  contact  screw,  E,  is  connected 
with  the  battery  in  parallel  with  the  magnet,  D,  and  a  wire 
running  from  the  battery  is  connected  in  parallel  with  the 
wire  leading  to  the  contact  screw,  C.  This  wire  connects 
with  the  motor,  F»  which  drives  the  paper-carrying  drum, 
and  also  with  the  auxiliarj'  contact  springs  c.  The  paper 
strip  has  a  single  perforation^y*,  located  at  the  end  of  the 
piece  of  music,  through  which  the  spring,  r,  may  touch  the 
cylinder.  The  armature  lever,  J,  is  pivoted  midway  be- 
tween the  magnets,  H  D,  and  it  is  held  in  either  of  the  two 
positions  it  may  assume  by  the  double-acting  spring,  e. 

When  one  of  the  cams,  a,  raises  the  spring  arm,  B,  and 
allows  it  to  fall,  the  current  from  the  battery  is  momentarily 
sent  through  the  magnet,  D»  thereby  drawing  over  the 
armature,  b^  and  bringing  the  contact  spring  carried  by  the 
armature  lever  into  contact  with  the  screw,  e;  and  although 
the  magnet,  D,  ceases  to  act  when  this  is  done,  the  spring 
remains  in  contact  with  the  screw  and  the  current  flows 
from  the  battery  to  the  screw,  E,  thence  through  the  arma- 
ture lever  to  the  motor^  F,  and  from  the  motor  back  to  the 
battery*  This  starts  the  motor  of  the  current-distributing 
mechanism,  and  the  current  is  sent  to  the  one  or  the  other 
of  the  bells,  according  to  the  position  of  the  holes  in  the 
paper  strip. 

When  the  end  ol  the  piece  is  reached,  the  spring,  r, 
forms  an  electrical  contact  with  the  metallic  drum  through 
the  hole,  /,  in  the  paper  strip,  G.  The  current  from  the 
battery  then  flows  through  the  screw,  E,  and  armature 
lever,  d,  to  the  magnet,  H  (whose  resistance  is  somewhat 
less  than  that  of  the  motor),  thence  through  the  metallic 
drum  back  to  the  battery.  The  armature,  b,  is  thus  drawn 
over  to  the  magnet,  H,  and  the  circuit  is  broken  when  the 
motor  stops,  but  all  the  parts  are  ready  for  another  opera- 
tion and  the  circuit  of  the  battery  is  left  open. 

The  contact  springs  are  %  inch  apart  from  center  to  cen- 
ter, consequently  the  longitudinal   lines  on  the   paper  on 
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Tvhich  the  holes  are  punched  must  be  j{  inch  apart.  The 
transverse  or  time  divisions  may  be  %'  inch  or  more  apart. 
The  distance  will  depend  on  the  speed  of  the  motor  and  the 
character  of  the  music.  In  the  example  shown  in  Fig.  157 
the  transverse  lines  are  %  inch  apart ;  the  music  being  com- 

FlG.  157- 


1 illltl?  tm 

h--JUh 

:ifi 

^1 

The  Music. 


posed  entirely  of  quarter  notes  permits  of  this  arrange- 
ment. This  example  shows  the  beginning  and  the  end  of 
the  tune  Vespers,  The  holes  represent  the  position  of  the 
notes  on  the  staff.  It  is  a  ver)^  simple  matter  to  transfer 
any  piece  of  music  to  a  strip  of  paper  ruled  in  the  manner 
indicated,  it  being  only  necessary  to  remember  that  on  the 
position  of  the  note  in  the  scale  depends  the  location  of  the 
hole  on  the  transverse  line,  while  the  relative  positions  of 
the  holes  on  the  longitudinal  lines  determine  the  time  and 
the  length  of  the  notes* 

The  following  is  the  music  of  the  Westminster  chimes 
for  the  first,  second,  and  third  quarter  of  the  hour  and  the 
hour : 


1st 
Quarter 


2d 
Quarteri 


Hour. 


This  music  can  be  readily  transferred  to  a  strip  of  paper 
like  that  described.  It  is  necessary  to  bear  in  mind  that  if, 
on  paper  divided  as  shown,  one  space  represents  the  dura- 
tion  of  a  quarter  note,  two  spaces  would  represent  a  half 
note,  and  four  spaces  a  whole  note. 


thp:  study  of  the  stars. 


4 


During  the  beautiful   autumnal    evenings   few    persons 
can  look  up  into  the  starry  dome  of  heaven   without  long- 


FiG.  158. 


The  Luminous  Stat   Huard. 

inpc  for  a  better  acquaintance  with  the  glowing  orbs  whose 
radiance  meets  the  view  in  every  direction.  If  one 
turns  to  the  star  maps  and  books  of  astronomy,  there  will 
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be  found  clearly  laid  down  the  history,  names,  colors* 
magnitudes  and  positions  of  all  the  principal  celestial 
bodies.  But  when,  after  studying  the  map,  he  goes  out  of 
doors,  thinking  to  carry  the  chart  in  his  mind,  and  easily 
to  locate  and  recognize  individual  members  of  the  glitter- 
ing host,  he  is  sadly  disappointed.  To  his  untrained  eye 
the  glorious  stars  appear  the  same  as  before,  all  mixed  in 
inextricable  confusion;  and  for  him  the  map  is  of  little  value* 
Discouraged  with  the  result  of  this  first  effort,  the  majority 
of  people  abandon  the  matter  and  go  through  life  without 

Fig.  I59» 


us  Stars  on  Black  fVi ard 


ever  gaining  an  insight  into  this  the  sublimest  of  the  sciences, 
and  never  experience  the  inexpressible  delights  that  attend 
on  this  grandest  of  studies. 

To  assist  the  amateur,  whether  old  or  young,  in  the 
study  of  astronomy,  to  render  the  opening  lessons  easy 
and  attractive,  and  insensibly  to  interest  his  mind  in  this 
most  ennobling  subject,  has  led  me  to  design  the  simple 
devices  which  I  will  now  describe. 


ififj,  and  on  it  are  placer!  the  paper  j^tar^  fhe  bolder  of  the 
bnard  glani^cs  uptvard  at  the  sky,  notes  the  posttian  id  the 
sr  '  their  niarts    upon   the 

ill  ^  k;^    paryu^        ^    r   of  which,  even 

in  the  darkest  ntq^ht,  enables  htm  to  do  this  with  the  utmust 
s  n,      Thp  beings     thus    arranged 

ah  :    .        tied    upon  r  ..  taken   indoors  aod  com. 

[mrtd  with  the  map  or  chart,  whereby  the  selected  group  is 
instantly  /rd  and  named. 

In  this   ,i.,*^,:e  way  the  lorm^     -'^»>^ons,  and  compoiieiit 

the   principal   con  i>.s  may   tjuickly    be 
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and  impret%?ies  the  mind,  is,  in  the  highest 
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A  still  simpler  device,  but  in  the  same  line,  is  to  cut  the 
form  of  the  stars  out  of  the  luminous  cardboard,  and  then 
arrange  and  pin  them  as  before  described  upon  the  surface 
of  a  wooden  board,  say  two  feet  square,  painted  dead 
black.  In  this  case  the  movable  stars  will  appear  luminous 
on  the  board,  even  in  the  darkest  night.  This  is  illustrated 
in  Fig.  159  Instead  of  usinjB^  ordinary  pins,  wire  round 
staples  bent  up  as  shown  in  Fig.  160  will  be  found  con- 
venient ;  these  are  easily  fingered  and  quickly  placed  as 
desired. 

A  lights  convenient,  non-warping  star  board  may  be  made 
by  gluing  together,  crosswise,  three  sheets  of  pine  wood 
veneers.  It  is  needless  to  occupy  space  in  describing  all 
the  uses  of  this  device  for  promoting  the  first  lessons  in 
star  study.  Suffice  it  to  say  that  with  the  contrivance  in 
hand,  together  with  star  maps,  such  as  those  that  were  pre- 
pared for  the  Scientific  American  by  the  late  Richard  A. 
Proctor,  any  person  may  soon  become  an  intelligent  student 
of  the  skies  :  and  the  preliminary  knowledge  thus  gained 
nay  be  supplemented  by  reading  other  astronomical  books. 
— A.  E.  Beach f  in  Scientific  A mcricafh 

IJUW    TO    COLUR    LANTERN   SLIDES. 

Nothing  is  more  interesting  and  satisfactory  to  the 
amateur  photographer  than  to  place  upon  the  screen,  by 
means  of  a  good  lantern,  the  results  of  the  summers  w^^Tk; 
and,  while  it  may  be  questioned  whether  anything  can  be 
more  desirable  for  projection  than  a  really  first-class,  well- 
toned  lantern  slide,  yet  experience  proves  that  the  majority 
of  people  who  enjoy  an  evening  with  the  lantern  are  pleased 
when  a  well-colored  slide  is  shown. 

A  suitable  subject  carefully  printed  and  artistically 
colored,  when  reflected  from  the  screen,  strongly  resembles 
a  huge  water  color  picture,  the  great  difference  between 
such  a  picture  and  a  water  color  being  a  superabundance  of 
detail,  which  is  inherent  in  photogaphic  pictures  and  which 
is  not  desirable  in  a  water  color.  A  photograph  can  be  made 
which  will  answer  admirably  for  coloring  which  would  not 
be  satisfactory  as  an  uncolored  picture.     Such  pictures  are 
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taken  through  a  large  diaphragm  or  with  full  opening.  The 
foreground  is  made  sharp,  while  the  middle  distance  anc 
distance  are  softened  tluvvn  bv  being  a  little  out  of  tocusi 
however,  it  is  not  advisable  to  try  to  make  neg^ative^ 
expressly  for  colored  pictures. 

The  print  (or  coloring  should  be  moderatel}^  light  and 
without  great  contrasts.  Inky  shadows  are  to  be  avoided, 
and  it  is  well  to  vignette  ofT  the  distance  to  give  atmosphere. 
The  sky  should  be  transparent,  unless  cloud  effects  are  t^| 
be  shown.  While  specks,  pin  holes,  and  lint  are  ver^^ 
damaging  to  an  otherwise  fine  lantern  slide,  they  entirely 
spoil  a  picture  for  coloring.  In  a  picture  well  broken  up, 
as  in  a  woods  scene»  where  little  sky  appears  and  when 
there  is  no  placid  water,  these  small  defects  do  little  harm  ; 
but  in  a  sky  or  in  a  clear  lake  or  pond,  they  can  never  be  con- 
cealed or  removed  so  as  to  be  unnoticed,  so  that  the  first 
rec|uisite  for  a  good  colored  lantern  slide  is  a  good  print  o| 
the  proper  intensity,  and  with  transparent  lights.  The 
second  rec|uisite  is  a  knowledge  of  colors  and  coloring,  ant 
the  third  and  last  thing  needed  is  an  assortment  of  coloi 
and  brushes. 

With  regard  to  the  slide  itself,  it  might  be  mentioned   in" 
passing   that   anything    which    tends  to    harden  the  film  iq^ 
developing,  fixing,  or   after   treatment    interferes   with    th^| 
tree  working  of  the  colors.     For  instance,  alum  in  the  fixings 
bath,  intensifying  and  reducing  solutions  all  tend  to  hardea™ 
the  film  and  prevent  the  free  absorption  of  color.  f 

The  first  operation  in  lantern  slide  coloring  is  to  soak  the 
plate  in  cold  water  until  the  film  will  abs4>rb  no  more  ;  then, 
while  it  is  still  wet,  go  ov^er  the  entire  surface  of  the  film 
with  a  thin  wash  of  warm  color,  which  may  be  eithei 
yellow  or  pink,  depending  upon  the  subject.  This  kills  thi 
chalky  whiteness  of  the  high  lights,  and  gives  the  entire 
picture  a  warm  and  desirable  tone,  even  though  the  wash  is 
not  sufficiently  strong  to  be  detected  when  the  picture  is 
thrown  upon  the  screen. 

The  colors  used  for  this  purpose  are  transparent   aniline 
colors  prepared  for  coloring  photographs.     They  are  labels 
brown,  blue,  violet,  ilesh,  orange,  green,  and   so   on.     Th< 
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ordinary  aniline  dyes  may  be  used  instead  of  the  prepared 
colors,  as  they  are  practically  the  same.  The  manipulation 
of  I  he  colors  is  the  same  as  in  water  color  painting.  The 
film  is  kept  wet  continually  from  the  beginning  to  the  end 
of  the  operation,  but  after  the  broad  washes  of  the  first 
warm    tint    and    the   final  sky  color,  the  water  lying  on  the 

Fig   i6t. 
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Lantern  Slide  Coloring. 


surface  of  the  film  Ls  allowed  to  dry  off,  leaving  the  film  still 
swelled  and  wet,  but  without  the  surface  water. 

The  prepared  colors  can  rarely  be  applied  to  the  slide 
without  being  reduced  with  water.  Sometimes  the  best 
eflects  are  produced  by  mixing  different  colors  before  apply- 
ing them,  while   in   other  cases  the  effects  are  secured  by 
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separate  washes  of  diflercnt  colors,  superposed.  Each  wash 
of  color  sinks  into  the  film  and  is  not  removed  by  a  subse* 
quent  wash. 

Although  an  easel  or  support  something  like  a  retouching' 
frame  may  be  useful,  the  writer  prefers  to  hold  the  slide  in 
the  hand,  as  shown  in  the  engraving.  The  wet  plate  is  held 
in  a  slig-htly  inclined  position  in  front  of  a  lamp  provided 
with  a  plain  opal  or  ground  glass  shade.  The  writer  pre- 
fers artificial  light  for  colnring,  as  the  pictures  are  to  be 
shown  generally  by  artificial  light  which  is  yellow.  If  the 
pictures  are  designed  for  projection  by  sunlight,  it  is  un- 
doubtedly better  to  color  them  in  daylight. 

The  first  wash  is  preferably  put  on  while  the  slide  is 
held  in  an  inverted  position,  and  while  it  is  still  flowing  the 
blue  is  added  for  the  sky,  at  first  very  light  near  the  horizon, 
increasing  in  intensity  toward  the  top  of  the  slide.  After 
this  wash  is  set  and  superfluous  water  has  evaporated,  the 
water  accumulating  along  the  lower  edge  of  the  plate  is 
removed  with  the  fingers,  and  the  slide  is  turned  right  side 
up,  when  the  extreme  distance,  whether  it  be  mountain  or 
foliage,  is  covered  with  a  light  wash  of  blue,  and  this  wash 
is  brought  well  down  toward  the  foreground.  II  the  blue 
appears  cold,  it  can  be  toned  down  by  a  very  light  wash  of 
yellow  or  red.  Trees  in  the  middle  distance  can  now  be 
gone  over  with  a  light  wash  of  orange  or  orange  with  a 
little  of  the  flesh  color  or  pink  added.  When  near  the  fore- 
ground a  very  light  wash  of  green  is  applied  to  the  foliage, 
but  the  raw  green  of  the  color  set  cannot  be  used  for  this; 
it  must  be  modified  by  the  addition  of  orange  or  of  brown. 
If  when  applied  the  green  appears  too  cold,  it  may  be  toned 
down  by  a  light  wash  of  brown,  of  orange  or  flesh  color. 
It  is  desirable  to  produce  variety  in  the  foliage. 

Rocks  in  the  distance  are  washed  with  blue  and  the  color 
is  subsequently  modified  by  washes  of  red  or  brown. 
Tnmks  of  distant  trees  and  some  rocks  may  be  left  nearly 
the  original  color  of  the  photograph,  but  near  rocks  and  tree 
trunks  may  be  tinted  with  brown,  blue,  or  warm  green,  and 
subsequently  modified  by  washes  of  green,  red,  brown,  yel- 
low or  orange. 
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It  is  useless  to  trace  the  smaller  branches  of  trees  and 
shrubs,  and  it  is  rarely  necessary  to  deal  with  single  leaves 
or  blossoms  ;  when  this  must  be  done,  a  jeweler's  eyeglass  is 
required,  and  fine  small  brushes  are  used,  great  care  being 
taken  to  keep  within  the  outline  of  the  object  being  colored. 
In  all  this  work  the  artist  does  well  to  remember  that  the 
coloring  is  to  stand  the  test  of  great  magnification  and 
strong  light. 

The  plate  is  apt  to  dry  out  in  some  places  while  the 
coloring  is  going  on  at  other  places.  As  coloring  cannot  be 
successfully  done  on  a  dry  surface,  it  is  important  to  wet  the 
surface  before  proceeding.  This  is  done  by  applying  water 
with  a  soft  camel's  hair  brush.  After  the  surface  water  has 
disappeared,  the  coloring  may  proceed. 

It  is  obviously  impo$sible  to  mention  every  modification 
of  color  that  may  be  produced  by  mixtures  and  washes. 
This  is  something  to  be  acquired  by  practice.  The  writer 
uses  very  few  colors,  rarely  more  than  the  following  :  Blue, 
green,  brown,  orange,  flesh,  rose  and  yellow.  The  last  is  a 
strong  color  which  must  be  applied  with  caution.  Green 
and  blue  are  also  strong  colors  which  can  never  be  applied 
without  the  admixture  of  a  warm  color,  or  a  subsequent 
wash  of  the  same.  Brown  in  different  strengths  has  a  large 
application.  It  is  useful  in  toning  down  bright  greens  for 
rocks,  tree  trunks,  earth,  etc.  A  wash  of  blue  over  the 
brown  produces  a  useful  gray.  A  light  wash  of  blue  or 
green  over  the  diflferent  reds  produces  a  variety  of  grays. 
Black  much  diluted  is  useful  for  toning  down  portions  of 
the  picture. 

The  principal  points  to  be  observed  are  to  keep  the 
plate  always  wet,  to  use  light  washes,  to  modify  color  by 
subsequent  washes,  and  in  working  up  details  to  preserve 
the  outlines. 

Should  a  small  area  be  over-colored,  the  color  may  gen- 
erally be  partly  removed  by  means  of  a  soft  brush  charged 
with  clean  water,  the  brush  being  gently  and  repeatedly 
passed  over  the  spot.  The  brush  is  frequently  washed  dur- 
ing the  operation.  When  the  broad  washes  show  streaks, 
or  when  the  entire  slide  is  too  highly  colored,  or  the  eflfects 
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are  unsatisfactory,  the  only  remedy  is  to  place  the  slide  in 
cold  water  and  allow  it  to  soak,  with  occasional  changes  of 
water,  until  the  color  is  partly  or  entirely  removed. 

It  is  well  enough  to  bear  in  mind  that  a  colored  lantern 
slide  bears  all  the  color  that  is  to  appear  on  the  screen  ;  con- 
sequently it  must  be  more  highly  colored  than  a  transpar- 
ency for  direct  vision.  On  the  screen,  however,  a  picture 
is  better  under-colored  than  over-colored.  It  will  often  be 
found  that  prints  which  are  too  light  and  flat  for  use  as 
plain  slides  answer  very  well  when  colored,  and  pictures 
which  are  too  dark  for  use  as  plain  slides  may  be  tinted 
with  blue  and  presented  as  moonlight  scenes. 

The  tone  of  the  picture  may  be  altered  by  means  of 
colored  screens  placed  in  the  lantern  beftjre  or  behind  the 
slide.  These  tinters  are  made  by  clearing  unexposed  plates 
and  going  over  them  with  different  washes*  A  blue  screen 
lowers  the  tone.  A  pink  screen  warms  the  picture  and 
tends  to  give  a  purple  tone.  A  yellow  screen  warms  the 
picture  and  imparts  a  sunlight  effect 

Brushes  for  this  work  should  be  of  the  best  quality,  very 
soft  and  pliable,  and  such  as  are  used  for  working  up  detail 
must  have  a  fine  point. 

This  method  applies  to  portraits  and  figure  pieces. 

The  colored  slides  are  generally  mounted  in  the  same 
manner  as  the  plain  ones.  If,  however,  the  highest  perfec- 
tion is  sought,  thin  plate  glass  is  used  for  the  sensitive 
plates,  and  glass  of  the  same  kind  is  used  for  covers,  the 
cover  and  colored  picture  being  cemented  together  with 
Canada  balsam.  Made  in  this  way,  the  slides  are  more  trans- 
parent ;  but  in  view  of  the  extra  trouble  and  expense,  the 
improvement  over  the  uncemented  slides  is  hardly  sufficient 
to  warrant  the  general  application  of  this  method. 

Since  ihe  above  was  written,  Mr;  Dwight  L.  Elmendorf, 
of  this  city,  has  written  a  book  on  the  subject  of  coloring 
lantern  slides,  in  w^hich  he  reconj mends  colors  of  his  owm 
preparation  claimed  to  be  permanent,  and  w^hich  require 
the  hardening  of  the  film  by  means  of  the  application  of  a 
solution  of  alum  before  the  final  washing. 
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TELEPHOTOGRAPHY. 


Every  photographer  has  seen  opportunities  for  makkig 
desirable  photographs  when  distance  interposed  an  insur- 
mountable obstacle;  for  example,  it  may  be  desired  to  photo 
graph  a  group  of  cattle  in  the  fields  which  would  be  scat- 
tered  on  the  approach  of  a  human  being,  or  a  distant  but 
inaccessible  mountain  which  could  only  be  seen  to  advant- 
age from  a  neighboring  hill,  or  a  bit  of  scenery  on  the 
further  side  of  a  river  or  lake,  and  hundreds  of  other  scenes 
which  attract  the  eye  of  the  photographer,  but  which  are 
practically  beyond  the  reach  of  his  instrument  without  the 
device  described  in  this  article,  by  means  of  which  the 
object  may  be  brought  into  such  close  proximity  as  to  make 
the  work  of  the  photographer  very  easy. 

Given  a  distant  and  inaccessible  object,  the  necessity  for 
a  photograph,  and  a  photographer  desirous  of  producing 
such  a  photograph,  and  we  have  all  the  conditions  for  the 
practical  use  of  the  telephotographic  attachment  herewith 
illustrated.  This  is  not  a  telephotographic  objective,  but 
an  achromatic  negative  combination  to  be  attached  to  an 
ordinary  photographic  lens  to  amplify  the  image  produced 
by  the  lens  from  three  to  eight  diameters,  thereby  repre- 
senting the  object  at  from  one-third  to  one-eighth  the  dis- 
tance shown  by  the  lens  without  the  attachment;  in  other 
words,  it  enables  the  operator  with  a  photographic  lens  to 
obtain  a  photograph  of  an  object  on  a  much  larger  scale 
than  can  be  obtained  with  the  lens  alone  without  the  tele- 
photogriiph ic  attachment. 

During  the  late  war  with  Spain,  the  desirability  of  pro- 
curing photographic  negatives  with  the  aid  of  a  telephoto- 
graph  became  very  apparent.  Mr.  D wight  L.  Elmendorf, 
of  New  York  city,  who  has  made  a  special  study  of  this 
method  of  photography,  followed  the  campaigns  in  Cuba, 
both  on  sea  and  land,  and  with  the  aid  of  the  telephoto- 
graphic camera  obtained  some  remarkable  photographs  of 
troops  in  action »  Many  of  these  photographs  were  taken  at 
a  great  distance  from  the  scene  of  action,  so  that  the  photo- 
grapher was  in  comparative  safety  while  engaged  in  taking 


4^li5 


EXmaMEVTAl.  SdEXCi:— APPEKDtX- 


hmdk  of  the  camera  box  is  Z2  htdtes  in  lengl^,  and  is  used 
fidlgr  crt^eoded  onlr  lor  magmfjiiig  f  jl,  seven  or  eight  times. 
;  i-iew5  trith  a  mag^i&caticm  of  three,  ioxir  or  frre 
tfce  rear  bel!o"<r5  is  dosed*  and  iSxc  spriaratLi?  i^ 
on  a  single  tripod. 
The ^dephate^gg jyAac sBtmdmmssi  n  :t:a  id  one  '->: 

the  eaugijLfjaiBS  wMi  a  Zbmb  ^ohyndtiTe  in  the  c>ut-r 

ead  ^  fiboim  panlT  in  sectacm,  t' 

Itike  cxuffilnKdion.     The  rear  or  flanged  end  cii  the  attacti- 
D  achromatic  Dcriitive  or  conca^^c  lens  which 
to  an  ^mgjJifyi   .  in  a  microscope  or  tide- 

B.    To  '  <  this  less  is  &ted  a  sli(£i^ 


Ctmrae  d  ihe  Rsys  ihroiiirli  the  DetegsftmUk. 

lens  proper.    Tlie  didi&g  tube  is  adjusted  by  mems  of  Ji 
lacJc  and  piaion;  tlic  litter  beiztg^  fimiUioA  Jbr  libe  ndlfed 

As  tiae  aEosp^Bcrca^mfies  anT  iiapegfertiMa'S  tbtft  may  be 
m  tlie  lens  to  wiakii  it  is  appUed,  it  SoSIbws  t^<it  none  bat 
tfae  finest  lenses  cam  be  issed  m  ocnmectkm  ^Tih  the  attach 
mot.  It  bas  ataci  been  msoertaSmcA  tidUt  it  i$  nex^essarr  to 
liiivelile  fflcgatiTe  lens  ftbtcd  to  and  €XsTTGaboA  itmr  tht  fiMo- 
pnplnr  lens  vidi  wiaicli  it  is  nsedL  After  the  tm^s  toross  is 
Ae  photognpliic  lens  and  direr^  viAin  die  cannera.  the 
coatnl  ones  air  leadered  still  more  diTergexii  br  ibe  acbniK 
matic  concaTeksis  taldi^  the  ctMuse  shoiena  in  -^  ^  "^  - — m. 
It  irfll  be  seca  tbat  only  a  smalB  ponion  cd  the  c*d 
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and  transmitted  by  the  photographic  lens  pass  through  the 
amplifying  lens.  The  time  of  exposure  is,  of  course,  much 
longer  with  the  telephotographic  attachment  than  with  the 
photographic  lens  alone  ;  that  is,  it  is  approximately  propor- 
tional  to  the  square  of  the  magnification*  For  example : 
If,  with  the  photographic  lens  alone,  the  exposure  would 
be  one  sixty-fourth  of  a  second,  with  the  teiephotograph 
adjusted  to  magnify  eight  times,  it  would  require  an  expo- 
sure of  one  second ;  but  there  is  considerable  latitude  in 
exposure  in  a  teiephotograph,  and  it  is  well  enough  to  give 
a  little  more  time  than  the  rule  calls  for. 

The  principles  underlying  the  use  of  the  camera  for  this 
kind  of  photography  are  so  simple  that  there  is  no  reason 
why  anyone  having  any  taste  for  photography  should  not 
quick  y  become  accustomed  to  its  mani|)uIation,  with  results 
that  will  be  found  most  novel  and  gratifying.  The  expense 
is  trifling,  as  the  ordinary  camera  and  lens  may  be  used,  the 
extra  length  being  obtained  by  means  of  the  box  extension 
at  the  back  of  the  ordinary  camera.  This  box  extension  is 
clearly  shown  in  the  engraving.  Of  course,  owing  to  the 
length  of  the  complete  apparatus  when  assembled  for  tele- 
photographic  work,  two  tripods  are  necessary.  We  present 
in  one  of  the  views  a  detail  of  the  tclephotographic  attach- 
ment and  a  diagram  showing  the  path  of  the  rays  before 
they  reach  the  plate  as  indicated  above.  The  whole  sub- 
ject is  teeming  with  interest  for  the  amateur  photographer, 
and  the  most  interesting  and  startling  results  are  often 
obtained. 


THE    CHROMO-CAMERA. 

The  chromo-camera  is  the  name  given  to  a  new  appa- 
ratus for  the  study  of  colors  and  colored  lights.  It  consists 
of  a  cardboard  box  measuring  6  x  6  x  3 J  inches  and  open  at 
one  end.  The  box  or  camera  is  covered  w^ith  black  cloth 
and  the  interior  is  lined  with  dead  black  paper,  A  cover, 
also  black,  closes  the  <*pen  end.  On  one  side  is  an  opening 
3S  X  7I  inches,  the  lower  edge  of  the  opening  being  i  inch 
from  the  bottom  of  the  biix.  With  the  box  are  three 
''tinters,"  such   as  are  used   in   color  projection   lanterns. 


416 


EXrERIMEXTAL  SCIE3SCE— ^AFTf^TlIX. 


These  tinters  are  made  by  inciosh^  a  film  of  oolored  gdm- 
tine  bet w ecu  tvro  lantern  itide  Gorers.  A  s&le  mal  is 
placed  OTcr  the  film  btiwecn  the  glass  coreis,  and  the 
whole  is  bound  vHh  paper  on  the  edges.  One  of  the  tintc!rs 
is  a  deep  orange  red,  o<t^  is  yellowidi  green,  and  the  otber 
is  light  Tiolet ;  these  three  tints  in  a  color-ptojection  lantern 
give  a  white  ligfat  on  the  screen.  There  should  also  be 
with  the  camera  a  number  of  squares  of  cokwed  papers, 
such  as  are  sold  in  packages  of  assorted  colors  for  use  tn 
londeigartens.  some  colored  fabrics*  ribbons*  etc^  natural 
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Tbe  CkfOMC^  Camera. 

or  artificial  Sowers,  and  a  sheet  of  stiff  white  cardboard 
5I  X  6  inches. 

The  chromo-camera  is  the  inventioii  ol  Mr.  Charles 
Barnard,  oi  New  V'ork,  and  was  first  used  br  him  in  his 
school  lecture  on  the  study  o£  sense  impressioos  of  cxilor. 
The  color-camera  is  used  to  e3^mine  the  colors  of  obfects 
placed  in  a  colored  light,  and  to  enable  the  student  to 
mingle  diffused  white  tight  and  a  colored  light  in  ¥aiioMS 
proportions.  The  invention  is  here  described  for  the  first 
time,  and  is  freely  dedicated  by  the  author  to  the  use  of 
students  and  teachers. 
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To  use  the  color-camera,  place  a  table  close  to  the  win- 
dow having  a  north  or  sky  light  free  from  reflections  from 
buildings  or  trees,  and  cover  the  table  with  black  cloth  or 
papen  Remove  the  cover  from  the  box,  and  place  it  on 
the  table  with  the  opening  yppermost  and  with  the  (jpen 
end  away  from  the  light.  The  side  curtains  should  be 
drawn  together  to  mask  the  light  from  the  eyes,  leaving 
only  a  space  in  the  center  a  little  wider  than  the  box* 
Draw  the  shade  down  to  about  on  the  line  of  the  eyes  when 
sealed  behind  the  table.  Two  or  three  persons  can  sit  at 
the  table  where  they  can  see  the  interior  of  the  box.  The 
teacher  or  operator  should  stand  at  one  side  6f  the  table 
behind  the  curtains.  Here  the  tinters,  colored  papers,  etc., 
are  in  easy  reach. 

The  box  is  now  fully  illuminated  by  the  light  that  falls 
through  the  opening  and  by  the  reflected  light  that  enters 
the  open  end.  Place  a  sheet  of  red  paper  in  the  box.  It  is 
plainly  visible.  Now  lay  a  book  over  the  opening  in  the 
box.  The  red  paper  now  appears  to  be  almost  biack  in  the 
dark  box. 

Remove  the  book  and  paper,  and  place  the  red  tinter  on 
top  of  the  camera  near  the  back.  Slide  it  slowly  forward 
toward  the  light  and  let  the  students  watch  the  interior  uf 
the  camera.  When  the  glass  fits  the  frame,  and  covers  the 
opening,  the  interior  of  the  camera  appears  to  be  of  a  very 
dark  red,  the  color  being  faintly  visible  near  the  edge  of 
the  opctiing  at  the  back,  and  fading  away  to  dead  black 
inside  the  camera.  Place  a  sheet  of  white  paper  in  the 
camera,  and  it  appears  a  bright  pink.  The  fingers  are  rosy» 
and  a  w^hite  flower  is  pale  red.  The  effect  will  be  improved 
by  placing  the  cover  of  the  box  on  edge  just  above  the 
opening.  Remove  the  red  tinter,  and  the  paper  is  again 
white.  Place  the  green  tinter  over  the  opening,  c^nd  the 
paper  is  a  pale  grass-green.  Place  the  violet  tinter  on  the 
box,  and  the  paper  is  violet. 

What  has  been  accomplished?  The  light  contains  all 
colors.  The  tinters  act  as  strainers.  They  shut  off  or  strain 
out  all  colors  except  one.  The  paper  capable  of  reflecting 
all  colors  (white)  finds  onl}'  one,  and,  therefore,  reflects  that 
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one  and  no  other.  It  would  reflect  it  perfect)}'  were  it  not 
for  the  fact  that  some  white  lig'ht  is  reflected  into  the  back 
of  the  box,  and  mingles  with  the  colored  lig'ht.  It  is  this 
that  causes  the  paper  to  appear  pink  under  the  red  tinter. 

Remove  the  white  paper  and  put  the  red  tinter  in  place. 
Put  a  red  paper  or  red  flower  in  the  camera.  It  appears  a 
deeper  red.  Now  remove  the  cover  from  the  top  of  the 
box,  and  let  the  operator  hold  the  sheet  of  white  cardboard 
upright  on  the  edge  of  the  box.  Now  gently  tip  it  forward, 
and  at  the  same  time  move  it  backward.  It  acts  as  a  reflec- 
tor, and  throws  more  white  light  into  the  box,  and  the  red 
flower  changes  its  shade  of  red,  becoming  lighter  in  shade 
as  more  white  light  mingles  with  the  colored  light. 

Remove  the  flower,  and  place  a  sheet  of  pale  yellow 
paper  in  the  camera.  It  is  now  a  deep  golden  orange,  and 
by  the  aid  of  the  reflector,  the  color  can  be  made  to  change 
from  3-ellow  to  orange.  The  same  effect  can  be  produced 
b}'  sliding  the  tinter  back  to  allow  a  thin  sheet  of  light  to 
enter  the  opening.  Remove  the  yellow  paper,  and  place  a 
sheet  of  green  paper  in  the  camera.  It  appears  neither  red 
nor  green,  but  yellow.  The  eye  is  now  receiving  two  sen- 
sations, a  sensation  of  red  from  the  red  light  in  the  camera 
and  a  sensation  of  green  from  the  green  paper  parth'  illu- 
minated by  white  light  that  contains  green.  The  compound 
sensation  we  call  yellow.  By  sliding  the  tinter  backward, 
or  using  the  reflector,  paper  can  be  made  to  pass  from 
green  to  yellow  through  many  beautiful  tints  and  shades. 
Place  a  white  rose  in  the  box,  and  we  shall  see  a  pink  rose 
with  yellow  leaves.  Place  a  blue  flower  or  blue  paper  in 
the  camera,  and  we  shall  see  a  purple  flower  or  paper. 

Put  the  green  tinter  on  the  camera.  Now  ^^ellow  paper 
is  olive  green,  blue  paper  is  Nile  green,  bright  red  paper  is 
dark  brown.  A  red  rose  is  almost  black  brown,  while  its 
leaves  are  a  vivid  green.  Slide  the  tinter  forward  and 
back  t'-)  c»bsfr\e  the  color  change.  Try  the  violet  tinter, 
and  under  the  vi'.)let  light  every  color  will  suffer  endless 
chaiiires,  as  tlie  prc)}n)rtion  of  white  light  is  allowed  to 
miuirle  bv  irit-ans  ol  the  reflector  with  the  colored  light. 

These  experiments,  novel  and  beautiful  as  thej'  are,  can 
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be  greatly  improved  by  using  the  color  camera  in  full  sun- 
shine. Place  the  table  close  to  a  sunny  window  in  the  full 
sunlight,  the  best  time  being  between  12  and  3  o'clock. 
Draw  the  shade  down  till  its  shadow  just  touches  the^back 
-of  the  camera.  Now  the  shaders  of  the  camera  will  fall  on 
the  black  cover  of  the  table,  and  upon  it  will  be  a  square 
of  sunlight  from  the  opening  in  the  box,  this  square  of  light 
being  partly  within  the  box,  according  to  the  position  of 
the  sun.  By  tilting  the  box  up  at  the  back  it  can  be  thrown 
inside  the  box,  but  if  the  curtains  are  closely  drawn,  and 
the  other  windows  are  darkened,  the  effects  can  all  be  seen 
on  the  table  outside  the  box. 

Now  all  the  experiments  can  be  repeated  with  the  most 
brilliant  results.  With  the  red  tinter  a  sheet  of  blue 
paper  appears  a  wonderful  purple,  green  is  a  splendid  gold 
color,  and  yellow  a  red  orange.  Every  color,  single  or 
compound,  will  appear  in  marvelous  brilliancy,  and  the 
students  will  be  lost  in  wonder  at  the  endless  combinations 
of  tint  and  shade  of  flowers,  paper  and  other  materials 
under  the  magic  of  two  lights,  white  light  and  a  colored 
light. 

Take  a  piece  of  cardboard  and  cut  in  it  a  small  cross, 
star,  or  other  figure.  Lay  this  over  the  red  tinter,  and  in  the 
camera  we  shall  see  the  figure  in  vivid  red  on  a  black  back- 
ground* Place  a  green  paper  in  the  camera,  and  the  figure 
seems  to  shine  with  an  orange  yellow  light.  Try  each 
tinter  in  the  full  sunlight,  and  a  great  variety  of  beautiful 
eflects  will  be  observed. 

Next  take  the  color  camera  to  a go.d  north  light.  Place 
a  sheet  of  white  paper  on  the  bottom  of  the  bo\,  and  upon 
this  lay  a  penknife,  rule,  pencil  or  other  small  object.  Put 
the  object  about  an  inch  from  the  front  of  the  box.  The 
light  that  falls  into  the  open  box  causes  the  object  to  cast  a 
shadow  on  the  white  paper.  Now  place  the  violet  tinter 
in  the  top  of  the  box,  next  to  the  front.  Now  let  the  oper- 
ator move  the  tinter  slowly  backward  till  it  covers  the 
opening,  while  the  students  fix  the  attention  upon  the 
shadow  in  the  box.  When  the  opening  begins  to  he  closed 
by  the  I  inter,  the  shadows  deepen,     A  faint  violet  fringe 
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la— Ratio  5:7,  13— Close  ratio. 

Figures  Produced  by  the  Quadruple  Harmonic- Motion  Pendulum, 
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the  curves.  Thea  there  is  the  ordinary  apparatus  for  pro- 
jection, L,  being  a  metallic  inclosure  for  the  lamp,  and  the 
key,  K,  the  axis  of  a  mirror  which  reflects  the  light  up 
through  the  plate»  P,  and  into  the  prism,  M,  whence  it  is 
thrown  upon  a  screen.  And  last,  but  not  least,  there  is  a 
contrivance  for  determining  the  phase  and  amplitude  of 
vibration,  two  elements  in  these  figures  only  second  in 
importance  to  time  itself.  The  amplitude  depends  upon 
the  length  of  the  cord,  c,  which,  beginning  at  the  key,  K^, 


'JHilir 


■^Wv^h 


Let-off  Mechanism. 


and  passing  down  through  the  tube,  T,  and  then  through 
the  screw-eye,^,  is  fastened  to  a  small  hook,  //,  hanging  from 
the  block,  *,  This  hook  is  raised  (thereby  pulling  the 
pendukitn  toward  the  screw-eye,  ^)  and  put  up  through  a 
hole  in  the  block,  A  at  the  top  of  which  the  hook  is  caught 
by  the  end  of  a  little  lever,  /  (Fig,  169).  This  lever  is  con- 
nected  with  the  adjacent  pendulum,  a,  b)^  means  of  the 
thread,  /,  whose  exact  length,  adjusted  by  means  of  the 
thumb'Screw,  s  (see  Fig.  168},  determines  the  phase  of 
oscillation. 


4J^.  EXr'tkiMENTAL  SCIEN'CE — APPENDIX. 

Fi^.  .71  gives  a  view  of  all  three  levers  and  their  con- 
nections, and  Fig.  169  the  same  in  a  different  position.  It 
will  be  noted  that  pendulum,  a  (Fig.  169),  is  set  off  by  hand, 
and  then  a^  pulling  the  lever,  /,  sets  off  pendulum,  *,  then  b 
pertorras  a  similar  service  for  ^,  and  c  for  d^  and  supposing 
each  set  of  pendulums  to  be  isochronous,  both  needle  and 
plate  will  circle  around  in  the  same  direction;  that  is, 
counter-clockwise.    In  Fig.  169  the  needle  and  plate  take 

Fig.  170. 


Methtxl  -){  Plottinff  tht*  Fiijures. 


oppf>sitc  directi<:)ns,  thereby  producing  an  entirely  different 
cl:i:^s  of  ft^^ures,  each  class  containing  an  endless  number  of 
varieties,  determined  by  modifications  in  time,  phase  and 
amplitude.  A  few  iA  the  more  striking  figures  are  shown 
in  the  accompanying  cuts. 

It  may  be  a>ked  here  whether  there  is  any  way  of  telling 
by  inspection  the  amplitude  and  oscillation  ratio  of  the  two 
circular  motions  recjuired  to  produce  any  of  these  figures- 
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The  answer  to  these  questions  is  much  simpler  than  may  at 
first  be  imagined.  First,  the  ratio  of  oscillations  may  be 
known  from  the  number  of  points  or  loops  in  the  figure, 
since  the  number  is  always  equivalent  to  the  sum  of  the  two 
numbers  of  the  ratio,  e.  g.,  2:3  =  5  points  or  loops  (2,  5, 
6,  7),  3-4  =  7  (2,  8,  9,  10),  and  5  =  7=  12  (2,  11,  12).  But 
how  can  a  person  tell  whether,  for  example,  the  ratio 
was  5:6=11,  or  4:7=11?  By  this  simple  rule :  The 
lesser  number  of  the  ratio  is  invariably  one  greater  than  the 


Let-off  Causing  Needle  and  Plaie  to  Move  in  Opposite  Directions. 


number  of  points  or  loops  cut  off  by  any  line  in  the  figure, 
as  may  easily  be  verified  in  2,  6,  8,  9  12.  Secondly,  the 
amplitude  of  the  two  circular  motions  may  be  found  in 
the  following  manner:  The  distance  from  the  center  to  the 
farthest  part  of  the  figure  is  the  sum  of  the  two  required 
amplitudes,  and  the  distance  from  the  center  to  the  nearest 
part  of  the  figure  is  the  difference  of  the  two  amplitudes,  and 
from  the  sum  and  difference  the  two  amplitudes  themselves 
may  easily  be  found.  5,  6,  7,  of  the  ratio  2 : 3,  and  8,  9. 
10,  of  the  ratio  3:4,  show  how  figures  of  the  same  ratio 
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iiKijk  [>c  \.iiicd  by  II  >imple  change  of  amplitude.  2,  13, 
14:111(1  15,  16,  show  how  the  resultants  may  be  varied  by 
sfai  tiii^^  tlie  j»latc  and  needle  in  the  same  or  opposite  direc- 
tions. 17  i>  a  sample  of  what  may  be  obtained  by  having- 
all  tour  pLiiduluins  of  different  lengrths. 

icj  shows  how  the  resultant  of  quadruple  harmonic 
liiotioM  may  be  plotted  beforehand  and  then  verified  upon 
tliL-  pendulum.  The  diameters  of  the  two  circles  represent 
aiiiplitudc  of  swing,  and  the  divisions  of  the  circumferences, 
(li>.t:tnc(.s  traveled  in  equal  times  by  the  needle  and  the 
plate.  Then  the  algebraic  sum  of  the  sines  and  cosines  at 
each  instant,  i,  2,  3.  etc..  after  starting  will  give  the  exact 
[•r>'-iti»»n  of  the  resultant  at  the  same  instant,  and  a  line  pass- 
ing through  all  these  points  will  describe  the  figure  which 
tlic  combined  motions  of  all  four  pendulums  would,  under 
the  given  conditions,  produce. 

It  may  be  remarked  in  conclusion  that  the  star-shaped 
tigures  beautifully  exemplify  the  action  of  plane  f»olarized 
light  in  passing  through  quartz  crystal,  where,  according  to 
theory,  the  beam  is  broken  up  into  two  circularly  polarized 
lieams  g«'ing  in  op;.'Osite  directions  and  at  different  speeds, 
thereby  shifting  the  original  plane  by  an  angle  proportional 
in  si/e  to  the  thickness  of  the  crystal. 

NOL'L<    ANL'    L'  mjPS. 
HV    M     ;      H'jFEKEK,    S.J. 

To  anyone  who  has  ever  attempted  to  explain  the  actic>n 
of  sonn«i  waves  in  an  organ  pipe,  the  contrivance  shijwn 
will  ..t  once  cofnmend  itself.  Ordinary  textbook  diagrams 
sLr\<-  o.'.ly  to  bewilder  the  student  on  this  somewhat  intri- 
cate p'yint  in  j^iivsics.  He  is  constrained  to  fix  his  attention 
at  01,'  iiii'i  the  same  time  upon  two  different  longitudinal 
\v  ;  . '  -  iji' '  ting  e:i<  li  othrr  at  every  possible  phase  and 
a!  .'..J'.-  niid^r  the  guise  of  sine  curves.  What  a  relief  could 
i.i  tu/jj  Irom  the  lifejrss  p.'tg(r  of  his  book  to  an  illuminated 
s.  ]'  «  /J  wli'  I''  th<-  direct  and  reflected  waves  might  be  seen 
iij<,Mii_f  to  •  :ird  <-a(  li  (^tlur  with  perfect  distinctness  and 
th'    r  -nliaiit   showing  itself  at  every  instant  with  infallible 
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accuracy,  and  where,  above  all,  the  corresponding  longi 
tudinal  waves  might  be  seen  advancing  side  by  side  with 
their  disguised  representatives !  Such  precisely  is  the  result 
obtained  by  the  sound-wave  lantern-slide.  It  was  devised 
by  the  writer  under  pressure  of  the  above  difficulty. 


Diagrams  of  Sound  Waves. 

It  consists  of  a  wooden  frame  of  a  size  suited  to  the 
lantern  and  four  half-inch  rollers  about  which  moves  a 
transparent  belt  of  celluloid  film.  Upon  this  is  traced  a  sine 
curve  together  with  the  corresponding  longitudinal  waves 
represented  by  dots  properly  spaced.    The  two  inner  rollers 
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pm>m  TOE  soKurrmc  amckicak 

<J>nc    It    :tiL  r  ^ 

Panm  Exposii!  _^ 

ca^TBcet;  V^aickmar  Poulseiu    The  prmciple  cA  the  spparrt^ 
'  bguydrtatond  from  the  diigiam,  "' 

^  _  __  rtocrro^nisipttst  of  small  ditnttisson^,  ^  ^ 

piKiae  tiiimit  including:  the  battery,  B,  imcrDpUciae  trans- 
mili^^  M,  and  rcccivcn  T.     Tlie  poles  of  the  eiectro-m^iiet 

FtcL  175* 


rn? 


^^S^»as?j 


are  very  near  together*  \ifith  just  sufficient  space  to  allow 
the  steei  mre,  a  Ik  to  pass ;  the  wire  may  be  drawn  forward 
so  as  to  briiij5:its  successive  portions  between  the     -  >- 
The  wire  used  is  steei  [liano-wire  af  about  oi»c-6fticir 
diameter,  and  it  advances  at  the  rate  of  seveit  or  eight  reel: 
per  second.     The  ammj^cment  resembles  t  hi  ^    ^     -  ' 

najy  phonograph  in  which  the  wire,  a  l\  rcj- 
criinder,   and   the  magjietic  ftux  belweesr  the  polcd,   the 
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Stylus.  The  sound  is  recorded  in  the  following  manner; 
when  the  microphone  is  spoken  into  or  otherwise  receives  a 
series  of  impulses,  the  electric  impulses  set  up  in  the  circuit 
cause  variations  of  current  in  the  coils  surrounding  the 
electro  -  magnet,  and  in  consequence  the  magnetic  flux 
between  the  poles  undergoes  a  series  of  variations  corre- 
sponding to  the  original  sound  waves.  These  magnetic 
pulsations  act  in  turn  upon  the  steel  wire  as  it  passes  along 
in  front  of  the  poles,  and  magnetize  it  transversely ;  each 
part  of  the  steel  wire  thus  preserves  its  part  of  the  magnetiz- 
ation, which  depends  upon  the  strength  of  the  flux  at  that 
instant.  The  magnetic  trace  upon  the  wire  thus  corre- 
sponds exactly  to  the  original   sound   waves.     It  remains 

Fig.  176. 


Diagram  Shovring  Principle  of  Poulsen*s  Invention. 


only  to  reproduce  the  record ;  this  is  done  by  connecting 
the  receiver  to  the  terminals  of  the  electro-magnet  and  pass- 
ing the  wire  again  between  the  magnet  poles,  in  the  same 
direction  as  before  and  at  about  the  same  speed.  As  its 
magnetization  varies  from  point  to  point,  its  movement 
between  the  poles  causes  a  variation  in  the  magnetic  flux 
and  sets  up  a  series  of  pulsating  currents  in  the  circuity 
corresponding  in  form  of  wave  with  the  preceding,  and 
thus  a  sound  may  be  heard  in  the  telephone  receiver  which 
corresponds  to  the  original. 

M.  Poulsen  had  constructed  several  different  types  of 
the  telegraphone  before  reaching  the  form  shown  at  the 
Paris  Exposition,     With  this  instrument,  the  sound  as  heard 
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in  the  receiver  is  very  distinct  and  is  entirely  free  from  the 
disagreeable  scratching  noises  generally  heard  in  the  phono- 
graph. The  illustration  and  diagrams,  Figs.  177,  178,  and  179, 
show  the  general  appearance  of  the  instrument  and  the  dis- 
position of  the  various  parts*  A  drum  about  15  inches  long 
and  5  inches  in  diameter  revolves  between  two  supports 
fixed  to  a  metal  base;  at  one  end  of  the  cylinder  is  a  pulley 
which  receives  a  cord  passing  below  to  the  motor.  In  this 
case  an  electric  motor  is  used,  connected  with  the  main 
lighting  circuit.  The  drum  is  of  brass  and  has  a  spiral 
groove  in  its  surface  in  which  is  wound  a  continuous  layer 
of  steel  piano  wire  about  one  fiftieth  of  an  inch  in  diameter; 
the  wire  makes  about  380  turns.     The  carriage  containing 

Fig.  177. 
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Top-plan  View  of  the  Wire^wound  Drum  and  Recording  Magnet. 


the  electro-magnet  slides  upon  a  rod  which  extends  across 
between  the  brackets.  The  electro  magnet,  shown  in  sec- 
tion in  the  diagram,  has  its  cores  formed  of  soft  iron  wire 
about  one  twenty-fifth  of  an  inch  in  diameter,  surrounded  by 
electro-magnets  about  two-fifths  of  an  inch  long,  wound 
with  fine  wire.  The  poles  are  brought  near  together  and 
the  ends  are  sharj^ened  and  slightly  curved  on  the  inner  sur- 
faces so  as  to  partly  embrace  the  wire.  The  coils  are  sur- 
rounded by  insulating  material,  which  consolidates  the 
whole.  The  magnet,  M,  is  held  above  the  wire  upon  a  sup- 
port S,  and  into  it  is  fitted  a  contact-piece»  C,  carrying  a 
flexible  cord  for  the  current.  To  guide  the  magnet  along 
the  wire  by  the  points  alone  might  injure  these,  as  they  arc 
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somewhat  delicate,  and  accordingly  a  guiding  arrangement 
has  been  provided  which  consists  of  a  steel  knife-edge,  K, 
fixed  to  an  arm  in  the  rear ;  the  arm  is  fixed  to  a  brass 
sleeve,  B,  which  slides  upon  the  main  rod.  In  this  way,  the 
carriage,  which  rests  also  upon  the  sleeve,  is  guided  by  the 
knife-edge.  The  arrangement  devised  by  Poulscn  to  bring 
back  the  carriage  to  the  starting  point  is  simple  and  ingeni- 
ous* As  the  cylinder  turns,  the  carriage  is  thus  guided  to 
the  end  of  its  course  ;  at  this  point  is  fixed  an  inclined  plate, 
S,  carried  on  an  arm,  seen  also  to  the  left  of  the  illustration. 
The  projecting  piece,  T,  of  the  lever,  H,  strikes  the  plate, 
and  the  magnet  carriage  is  tilted  back  in  the  direction  of  the 
arrow  ;  the  lever  then  engages  with  a  catchy  E.     It  will  be 
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SectiGXt  of  Wire-wound  Apparatus. 


seen  that  if  the  carriage  is  now  moved  to  the  right,  the  rear 
arm,  A,  will  be  lifted  by  the  weight  of  the  carriage  around 
R  as  a  center.  This  causes  the  button,  R,  to  engage  with  a 
wire,  P,  which  is  wound  spirally  around  the  rod,  O,  and  as 
this  rod  is  revolved  by  a  pulley  the  carriage  is  brought  back 
to  its  starling  point.  The  chain,  shown  at  L,  serves  to  hold 
the  magnet  off  the  wire  when  not  in  use. 

In  order  to  produce  conversations  with  the  utmost  dis- 
tinctness»  the  wire-wound  drum  must  be  rather  rapidly 
rotated.  Experience  has  shown  that  a  velocity  of  1.64  feet 
(0.5  m.)  per  second  gives  the  best  results.  A  conversation 
of  one  minute  in  duration  could,  therefore,  be  recorded  on 
98.4  feet  (30  m.)  of  wire»  which  is  approximately  the  capacity 
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of  the  instrument  illustrated  in  Fig.  179.  But,  lor  the  ordi- 
nary requiremei.ts  of  life,  this  time  is  kir  too  short.  Longer 
conversations  are  recorded  and  reproduced  by  means  of  the 
apparatus  shown  in  Fig.  175,  in  which  a  very  thin,  flat  steel 
ribbon,  resembling  a  telegraph  tape»  takes  the  place  of  the 
wire.  The  ribbon,  A,  passes  from  one  roU  over  a  standard 
mounted  in  the  middle  of  the  apparatus  to  a  second  receiv- 
ing rolL     Upon  the  standard  the  electro-magnet — not  shown 

Fig.  179 


Pmilsen*s  Wire  Telegraph  one. 


in  the  illustration^ — is  mounted,  the  two  poles  ol  which  are 
arranged  transversely  to  the  ribbon.  The  principle  is  the 
same  as  that  of  the  instrument  previously  described. 
Although  the  layers  of  the  ribbon  are  tightlv  rolled  in  a 
coil,  the  magnetism  of  one  layer  exerts  no  influence  what- 
ever upon  the  magnetism  of  the  adjacent  layers* 

A  conversation  once  magnetically  recorded  can  be 
repeated  indefinitely.  Experiments  which  have  been  made 
show  that  a  conversation  can  be  reproduced  from  one  to 
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two  thousand  times  without  any  perceptible  diminution  in 
clearness. 

To  efface  the  record,  it  is  necessary  only  to  pass  a  cur- 
rent from  a  few  cells  of  battery  in  the  circuit  of  the  electro- 
magnet, when  the  magnetization  of  the  wire  is  equalized 
and  it  is  ready  to  receive  another  record-  Poulsen  recently 
presented  an  account  of  the  teleg^raphone  to  the  Academic 
des  Sciences^  in  which  he  explained  its  principles.  He  also 
noted  an  interesting  experiment  which  has  been  made  by 
his  assistant,  M.  Pederson,  who  had  charge  of  the  instru- 
ment at  the  Exposition;  this  is  the  registering  and  repro- 
ducing of  two  separate  conversations  on  the  same  wire. 
Two  electro  magnets  are  used,  whose  windings  are  com- 
bined so  that  each  is  inseosible  to  the  record  produced  by 
the  other.  The  first  electro- magnet  has  its  windings  con- 
nected in  series,  and  the  second  in  opposition ;  under  these 
conditions  the  records  produced  by  the  two  magnets  may 
be  superposed  and  separated  at  will  The  superposition  of 
the  two  magnetic  curves  has  the  effect  of  a  resultant  in 
each  point  of  the  steel  wire,  but  as  one  of  these  components 
is  always  neutralized  by  one  or  the  other  of  the  receiving 
magnets,  it  is  seen  that  by  using  one  or  the  other  set  of 
magnets,  the  first  or  second  series  of  components  may  be 
received,  that  is  to  say,  the  first  or  second  conversation. 

The  telegraphone  is  already  in  practical  operation  in 
several  telephone  stations  in  Denmark,  and  by  its  use  tele- 
phone messages  may  be  received  and  kept  indefinitely.  A 
subscriber  may  thus  receive  messages  which  have  been  sent 
in  his  absence. 


AN  **  ELECTRIC   EARTH   CLOCK**  AND   ITS  CONSTRUCTION. 
BY   N.    MONROE    HOPKINS,    M.S, 

The  evolution  of  devices  for  the  measurement  of  time 
according  to  the  modern  conception  has  required  unnum- 
bered years,  the  birth  of  mechanism  for  indicating  the  pro- 
gress of  time  being  veiled  in  obscurity. 

The  shadow  cast  by  a  vertically  arranged  rod  eventu- 
ally suggested  and  led  to  elaborate  sun  dials^  subsequently 
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Many  writers  on  the  history  of  horology  attribute  the 
invention  of  the  first  true  machine,  that  is,  a  device  with 
weighted  mechanism,  gear  wheels,  and  some  form  of  slow 
escapement,  to  Pacificus,  an  archdeacon  of  Verona,  in  the 
ninth  century,  but  confirmation  of  their  being  really 
machines  is  incomplete. 

Probably  the  first  genuine  clocks  made  their  appearance 
in  the  twelfth  century,  the  first  detailed  description  being 
that  of  a  time-piece  sent  by  the  Sultan  of  Egypt  to  the 
Emperor  Frederick  the  Second  in  1232. 

A  clock  was  erected  in  the  old  tower  at  Westminster  in 
1288,  and  in  1292  another  is  described  as  resembling  the 
more  moilern  styles  of  mechanism  save  the  principle  and 
character  of  the  escapement.  A  more  minute  description 
of  a  clock  with  gear  wheels  was  published  with  the  date  of 
1348,  taken  from  Dover  Castle,  and  exhibited  in  working 
order  at  one  of  our  recent  expositions* 

De  Wyck  in  1379  built  a  clock  for  Charles  the  Fifth,  of 
France,  which  was  also  placed  in  a  tower,  with  its  move- 
ment controlled  by  a  rotating  weighted  escapement.  The 
forms  of  controlling  devices  or  escapements  now  multiplied 
and  expanded  into  numberless  designs,  depending  upon 
various  principles  until  the  discovery  and  application  of  the 
pendulum  three  centuries  later. 

The  origin  of  the  pendulum  as  applied  to  clocks  is  also 
disputed  and  obscure,  being  claimed  by  various  persons 
engaged  in  clock  making  at  a  very  early  date. 

Galileo,  through  his  careful  observation  of  the  swinging 
chandelier  in  the  nUi  church  at  Florence,  is  generally 
credited  with  the  discovery  of  the  laws  of  the  pendulum, 
among  which  is  included  the  interesting  fact  that  a  pendu- 
lum will  vibrate  through  arcs  of  varying  magnitudes  in  the 
same  time,  provided  the  arcs  are  all  included  within  a 
reasonable  limit. 

In  the  electric  clock  designed  by  the  writer,  advant- 
age is  taken  of  this  fact  that  a  pendulum  will  **beat 
equal  times"  whether  the  arc  be  large  or  small  within  the 
required  limits,  This  clock,  unlike  the  usuril  construction^ 
has  its  pendulum    mounted   upon  a  hardened  steel  knife 
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tude  of  place  where  it  is  to  be  used,  will  run  with  precision, 
and  require  Httle  or  no  attention  for  very  lon^  periods  of 
time.  It  has  been  styled  ** electric  earth  clock"  by  the 
writer,  as  the  electric  current  produced  by  a  series  of 
metallic  plates  buried  in  the  damp  g^roimd  is  sufficient  to 
keep  the  delicately  mounted  pendulum  in  motion^  which  in 
turn  moves  a  light  and  well-balanced  train  of  simple  wheels 
and  hands. 

Fig,  181  is  the  reproduction  of  a  \vorking  drawing 
illustrating  front  and  side  views  respectively.  From  this 
drawing  the  principle  and  working  of  the  clock  can  be 
easil}'  understood.  The  clock  from  which  these  illustra- 
tions were  made  stands  2}  inches  high,  including  the  base, 
being  suitable  for  a  mantel  in  a  library  or  office. 

The  pendulum  of  the  clock  is  kept  in  motion  bv  minute 
electrical  impulses  through  the  agency  cjf  the  four  sole- 
noids, A  A  A  A,  which  attract  four  iron  tongues,  B  B  B  B, 
mtmnted  at  the  extremities  of  a  brass  spider,  C,  which 
carries  the  hardened  steel  knife  edge.  A  little  automatic 
switch  carrying  a  platinum-tipped  hammer^  D,  falls  from 
side  to  side  with  the  vibrations  of  the  pendulum,  and  throws 
in  and  out  of  circuit  the  magnet  spools  at  the  proper  times 
to  maintain  the  motions  of  the  pendulum.  The  connections 
are  made  from  little  insulated  studs  attached  to  the  face  of 
the  plate,  E,  as  illustrated. 

The  mechanism  of  this  clock  is  extremely  simple.  The 
brass  spider,  C,  which  supports  the  iron  tongues,  the  knife 
^dge,  and  the  mounting  for  the  pendidum,  F,  also  carries 
through  the  medium  of  the  pendulum  mounts,  w- hich  will  be 
taken  up  in  detail  later,  two  little  bars  u^hich  pass  through 
the  back  plate,  G,  of  the  device  and  operate  a  little  arm, 
H,  which  moves  the  seconds  wheel,  I,  one  tooth  f«»r  each 
swing  of  the  governing  pendulum.  It  then  remains  to  pro- 
perty gear  the  motion  down  for  the  minute  and  hour  hands 
respectively,  the  gearing  for  which  is  also  taken  up  later  in 
detail. 

Fig.  182  show^s  the  back  plate,  G,  and  the  scheme  for 
driving  the  arm,  H,  which  moves  the  seconds  wheel,  I,  for 
-each  swing  of  the  pendulum.     The  platc»  G,  has  a  hole  cut 
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from  its  center  through  which  the  little  bars  pass  from  the 
mount,  F,  which  swings  with  and  supports  the  pendulum. 
The  arm,  J,  is  simply  pivoted  to  the  back  plate  as  indicated. 


Fig.  x82 
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Back  of  Clock,  Showing  Pawls,  Seconds  Wheel,  and  Knife-ed8:e. 


The  thrust,  or  distance  through  which  the  arm,  H,  moves, 
can  be  regulated  to  a  nicety  by  screwing  the  little  block, 
L,  along  the  screw,  M.     The  weight  of  this  little  block  and 
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the  arm  it  carries  is  balanced  by  the  running  screw  weight, 
O,  on  the  opposite  side,  in  order  that  the  pendulum  may 
swing  fairly.  The  ends  of  the  little  bars  which  come 
through  the  plate  from  the  pendulum  mount  and  receive 
the  end  of  these  screws  can  be  seen  at  P  P.  The  hardened 
steel  knife  edge  is  also  shown  in  the  center  resting  on  its 
tempered  steel  support,  Q,  between  the  ends  of  the  little 
threaded  rods. 

Believing  now  that  the  entire  scheme  and  working 
principle  of  this  time-piece  is  thoroughly  understood,  the 
writer  takes  up  the  detail  portion  and  gives  the  figures  and 
measurements  necessary  for  the  construction  of  a  successful 
clock  upon  the  present  design. 

Fig.  183  illustrates  the  detail  of  the  back  plate  and  in- 
dicates the  dimensions.  This  plate  is  turned  out  on  the 
lathe  from  brass  one-eighth  inch  thick,  as  it  serves  to  mount 
the  entire  mechanism  of  the  clock.  The  holes  around  the 
edge  are  for  attaching  the  magnet  spools,  and  the  three 
vertically  drilled  ones  for  bolting  on  the  upright  standards 
for  carrying  the  face  and  gearing. 

The  four  small  holes  under  the  central  opening  are  for 
the  support  to  the  knife  edge,  and  the  two  large  holes  at 
the  sides  serve  for  mounting  the  plate,  E,  which  has  at- 
tached the  little  studs  for  making  the  necessary  electrical 
connections.  This  plate,  not  illustrated  in  detail,  measures 
5  inches  in  diameter  and  has  a  3^  inch  opening  in  the 
center.  For  appearance,  this  plate  is  also  turned  from 
brass  i  inch  in  thickness.  The  plate  is  attached  to  the 
main  back  plate,  G,  by  bolts  and  sleeves  so  adjusted  that 
there  is  a  space  of  if  inches  between  the  two  plates  for 
the  swinging  portion. 

No.  12,  Fig.  186,  shows  the  steel  rest  and  its  support  for 
the  knife-edge.  The  steel  block  is  soldered  in  the  brass 
rest,  the  dimensions  for  which  appear  on  the  drawing.  This 
block  is  cut  from  a  piece  of  high-carbon  steel,  and  tempered 
to  the  highest  degree  after  a  little  channel  has  been  cut 
down  its  center  with  a  triangular  file  to  prevent  the  knife 
edi^e  from  vibrating  off  its  seat.  To  temper  this  to  the 
proper  hardness,  at  least  a  pound  of  mercury  is  necessarv. 
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-ruiraimtfi  n  in  :rnn  receptacle.  The  iron  receptacle  conr- 
ruiiimu  ne  iiiilks  .>t  merciir}'  is  packed  umund  with  ice  and 
>Lait.  ma  Me  :neral  riinroiurhly  chilled.  The  little  biuck  nt 
.tf:*!.  v:t:i  rs  ;rrr>ovc  tiled  trtdy  in  the  center,  is  now  heated 
iVt  li  v^netir  incandescence  and  plunged  under  the  surtice 
.1  'Ait  .:i\i\li*A  tnercur^'.  The  larger  the  mass  of  mercurv 
nut  )*trTtir  Do  in>t  inhale  the  fumes  which  come  trf;m  the 
ni^'-:ai-\'  At  riie  rime  of  immersing- the  heated  steel,  [f  rhti 
)ar  iU*t*.i  vns  of  prf)per  character  before  tempering,  and  ii 
raii,st;   tircictinns   have  been  accurately  followed*  the  best  i)L 

Fig.  I  S3 


Back  Plate. 

liii*N  .viil  siide  <';ver  tiie  surface  oi  the  ■:)i()ck  **  widn.^ut 
riaiciiiiiir  if.  *  When  mounteii  in  the  iittie  bratss  rjupport  by 
mrjins  'if  .1  little  soliler  around  die  edtfe.  tiie  block  is  pushed 
Ml;*  ;Uirh  rne  r;rjeninc  in  riie  back  platL*.  and  the  bar  '>f  die 
'.r'lss  -^ur/O'.rr  s^tcur'^iy  bt^ircid  in  pi.-sinj-n  :}y  means  of  little 
:i  ITS  r  orass  v'rii  nmninLT  iiexair^r-n  :iurs.  which  may  be 
•,r.ra:ne:i  :ir  ^he  iiari  var^*  dealers.  Twy  brass  ct>iumns  XTfi 
:ii  'V  "a:':iet:  i::  n  '"i'.e  Litiie.  n>  viiich  rhis  place,  with  ir^ 
rini:**  '*;i^"^  su::':«  '•^  s  arrache?:  ':r  means  ':f  a  stout  brxss 
"••jn-  r':t*^i*  ::  i-.inins  sill  i;!ti  iMV'f  an  ^ixrreme  heiiicht  ''f  "^-^ 
incties,  :inii    vt*     .f      rnar-ienrai  ;:e<iu:n    t-}   ct-mpiy  with    the 
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taste  of  the  maker.  The  columns  are  bolted  at  the  bottom 
to  a  brass  bed-plate  i  inch  thick,  trued  up  on  a  small  shaper 
or  planer  to  measure  about  3  by  10  inches  square.  The  tops 
of  the  columns  also  receive  brass  bolts,  b\'  means  of  which 
the  bar  supporting  the  entire  clock  may  be  firmly  bolted 
down.  The  next  portion  of  the  whole  to  be  made  and  put 
totjether  is  the  brass  spider,  C,  and  its  knife-edge.  The  detail 
for  this  work  is  represented  by  6,  Fig.  185.  This  spider  is 
cut  from  brass  -^^  of  an  inch  thick,  the  plan  illustrated  being 
carefully  followed.  The  knife-edge  is  most  accurately  filed 
to  shape  from  a  piece  of  the  hardest  hii;h  carbon  steel  pro- 
curable, and  is  tempered  in  the  same  manner  as  the  support. 
In  thrusting  the  incandescent  knife  edge  below  the  surface 
of  the  chilled  mercury,  the  sharpened  edge  should  touch 
the  mercury  first.  The  little  brass  mounting  for  this  knife- 
edge  is  too  simple  to  require  additional  remark.  The  steel 
for  the  knife-edge  should  be  about  ^  inch  in  thickness,  and 
when  mounted  permanently  in  a  small  groove  in  the  mount 
by  means  of  a  little  solder,  the  edge  should  just  reach  to  the 
center  of  the  square  opening  as  indicated. 

Fig.  186  illustrates  the  little  brass  plate,  F,  adapted  for 
holding  the  pendulum  and  the  little  automatic  switch.  The 
dimensions  are  marked  on  the  illustration,  the  only  direction 
necessary  being  for  the  thickness  of  the  plate  and  the 
method  of  hanging  the  pendulum.  This  plate  is  heavv 
enough  if  filed  from  -j^  brass,  with  little  bars  of  J-inch  brass 
soldered  to  the  two  lower  limbs,  into  which  the  pendulum 
bars  screw.  We  are  now  ready  to  assemble  the  pieces 
made  and   begin  the  work  on  the  automatic  electric  switch. 

Fig.  184  illustrates  the  pendulum  mount  bolted  to  the 
spider,  the  distance  between  them  being  f  of  an  inch.  The 
pendulum  mount  is  held  at  this  distance  from  the  spider  by 
means  of  two  little  brass  pillars  turned  up  on  the  lathe,  one 
of  which  is  illustrated  in  the  side  view  of  the  switch,  10, 
Fig.  185.  The  electric  switch  is  made  from  brass,  to  which 
are  attached  little  blocks  of  hard  rubber  as  indicated  by  the 
heavily  shaded  portions  in  the  drawings.  The  switch 
stands  2^  inches  high  from  its  pivot,  the  head  falling,  and 
being  arrested  by  adjustable  screws.     The  screw  at  the  left 
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is  platinum  tipped,  and  the  little  hammer  head,  D,  has  a 
platinum  plate,  S,  designed  to  come  in  contact  with  the 
platinum-tipped  screw.  The  screw  at  the  right  is  plain, 
and  merely  serv^es  as  an  arrest,  being  struck  by  the  hard 
rubber  of  the  head,  D,  thus  playing  no  part  in  the  electrical 
control.  The  electrical  connections  can  now  be  made  per- 
fectly clear  by  referring  to  Fig.  i8i,  where  the  studs  on  the 
plate,  E,  are  indicated.  By  means  of  the  hard-rubber  block, 
U,  in  Fig.  185  the  switch  is  insulated  from  the  frame  of  the 
clock.    In  Fig.  184  the  extremities,  T,  T,  T,  T,  are  fitted  with 

Fig.  r84 


Spider  and  Pendulum  Mount. 


little  blocks  of  brass,  as  shown  also  at  6,  Fig.  185,  into  which 
bolts  screw,  for  the  purpose  of  attaching  the  iron  tongues. 
These  tongues  are  best  cut  from  soft  bar  iron  2^  inches 
long,  by  f  inch  wide,  by  J  inch  thick,  which  has  been  pre- 
viously bent  into  a  ring  5^  inches  in  diameter  to  shape 
them.  They  can  be  annealed  by  heating  them  up  in  a  coal 
fire,  and  allowing  them  to  cool  in  a  less  intense  part  of  the 
frc,  as  the  coals  burn  out.  They  are  drilled  through  i  inch 
from  one  end,  and  after  receiving  a  coat  of  black  enamel 
pain^  arc  boiled  in  position.  The  brass  spools  for  the 
magnets  next  demand  our  attention. 
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No.  9,  Fig.  185,  shows  these  spools  and  how  to  make 
them.  Four  little  sections  of  the  thinnest  brass  tube  ar^ 
carefully  cut  to  if-inch  lengths,  having  an  internal  diameter 
of  i  inch.  Eight  brass  rings  are  turned  up  on  the  lathe  to 
just  fit  these  tube  sections,  with  an  outer  diameter  of  if 
inch  as  indicated  on  the  drawing.  These  rings  are  neatly 
soldered  to  the  tubes,  and  are  drilled  through  with  a  ^-inch 
drill  for  the  reception  of  little  hard-rubber  plugs,  V,  V,  V, 
through  which  a  minute  hole  is  made  the  size  of  the  wire  to 
be  wound  on,  and  which  must  be  carefully  insulated  from 
the  spool,  especially  where  it  passes  through  the  rim,  or 
ring.  Before  winding  these  spools  the  inner  portions  are 
given  five  or  six  coats  of  shellac,  allowing  each  coat  to 
thoroughly  harden  before  the  next  coat  is  applied.  The 
winding  for  these  bobbins  consists  of  No.  26  single  silk- 
covered  wire.  The  most  attractive  color  to  go  with  the 
polished  and  lacquered  brass  work  of  the  clock  is  green. 
Eight  ounces  of  this  wire  are  required  for  the  four  spools, 
two  ounces  on  each.  This  wire  must,  of  course,  be  per- 
fectly wound  in  even  layers,  not  only  for  appearance,  but  to 
enable  one  to  get  the  two  ounces  on  a  spool.  With  perfect 
winding  this  amount  of  wire  should  go  on  in  sixteen  layers, 
and  still  leave  about  -j^  inch  of  the  brass  ring  of  the  spool 
projecting.  This  wire  should  be  weighed  out  on  a  good 
pair  of  small  balances,  not  on  a  large  pair  of  scales  intended 
for  rough  work,  as  one  frequently  meets  with  in  buying 
fine  wire.  Having  wound  these  bobbins,  they  are  mounted 
on  the  back  plate  of  the  clock  by  means  of  little  brass  strips 
running  through  the  spool,  and  bent  down  to  meet  the 
plate,  when  they  are  turned  over  to  form  little  "  ears," 
through  which  small  holes  are  made  for  attaching  by  means 
of  bolts.  These  coils  are  connected  in  series  or  parallel  at 
will  through  the  agency  of  the  little  studs  on  the  plate,  E. 

We  are  now  ready  to  build  up  the  all-important  pen- 
dulum and  adjust  it  for  the  place  where  the  clock  is  to  be 
run.  The  maker  of  this  clock  must  adjust  the  exact  length 
of  the  pendulum  by  experiment  wherever  he  happens  to  be, 
as,  of  course,  the  length  will  not  be  the  same  for  different 
latitudes.     It  is  believed  the  views  of  the  pendulum  given 
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in  thj  illustrations  will  make  its  construction  clear.  Two 
little  glass  tubes,  5^  inches  long  with  a  diameter  of  J  inch, 
are  closed  at  one  end  by  heating  in  a  Bunsen  lamp,  and  are 
filled  within  an  inch  of  the  top  with  mercury.  The  center 
supporting  bar  is  a  section  of  i  brass  rod  7  inches  long, 
provided  with  a  running  screw  thread  top  and  bottom  of  at 
least  2  inches  in  length  for  the  purpose  of  adjustment.    This 

Fig.  185 


6 -Spider  with  Knife-edge.    9— Magnetic  Spools.    10— Automatic  SrHtch. 
Details  of  Electric  Clock. 


rod  screws  into  a  little  yoke,  offsetting  the  pendulum  f  of 
an  inch,  in  order  that  the  center  of  gravity  of  the  mercury 
bob  shall  fall  under  the  supporting  knife-edge.  This  off- 
setting will  be  made  clear  by  referring  to  the  side  view  of 
the  finished  clock  in  Fig.  i8i.  The  rods  which  now  support 
this  yoke,  and  which  screw  into  the  little  legs  of  the  pen- 
dulum  mount,  F,  are  3^  inches  long,  being  also  equipped 
with  adjusting  screw  threads.     The  little  rods  should  now 
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be  so  adjusted  that  the  bottoms  of  the  glass  tubes  contain- 
ing the  mercury  fall  io|  inches  below  the  edge  of  the 
supporting  knife.  The  pendulum  will  now  swing  and  ap* 
proximately  beat  seconds,  the  exact  adjustment  of  which 
will,  of  course^  take  considerable  time  experimenting  in 
combination  with  a  fine  watch  or  perfect  clock.  It  now 
remains  to  turn  uf>  the  clock  face  and  mount  it.  This  is  cut 
out  on  the  lathe  from  f^  inch  brass,  with  an  external 
diameter  of  si  inches,  the  diameter  of  the  inner  aperture 
being  jf  inches.  This  is  mounted  on  a  brass  standard 
which  is  bolted  to  the  back  plate.  This  brass  standard  is 
made  from  material  measuring  f  by  i  inch  by  8  inches  long, 
and  is  attached  to  the  back  plate,  G,  by  bolts  through  the 
three  vertically  drilled  holes  shown  in  the  detail  of  this 
plate  in  Fig.  183.  The  clock  face  is  attached  to  this  standard 
by  means  of  bolts  soldered  to  the  back  side  of  the  ring,  and 
kept  out  from  the  standard  by  means  of  sleeves  made  from 
brass  tubing  which  just  slips  over  the  bolts.  Tliese  sleeves 
are  i^  inch  long,  and  consequently  the  face  of  the  clock  is 
i|  inch  from  the  standard,  allowing  room  for  the  gear 
wheels  and  their  mounting.  In  the  place  of  bolts  and 
sleeves,  brass  columns  can,  of  course,  be  employed  with 
better  appearance,  although  taking  more  time  to  make  and 
requiring  more  labon  Having  mounted  the  clock  face  at 
the  top  uf  the  standard,  the  bar  is  so  adjusted  to  the  back 
plate,  through  the  proper  location  of  the  three  holes  drilled 
in  it  for  bolting  on,  that  there  is  a  space  of  one  inch  be* 
tween  the  lower  edge  of  the  clock  face  and  upper  edge  of 
the  ring,  E.  The  immerals  fur  the  face  may  be  bought 
from  the  dealers  to  suit  the  taste  of  the  maker  of  this  clock, 
also  the  hands,  if  one  does  not  prefer  to  cut  them  out  him* 
self  from  sheet  brass. 

We  now  come  to  the  top  portion  of  the  time-piece^ 
which  consists  of  the  seconds  wheel  and  the  simplest  kind 
of  gearing.  These  gear  wheels  may  be  made  by  the  reader, 
or  be  purchased.  The  large  seconds  wheel  illustrated  at 
7,  Fig.  186,  is  made  by  turning  out  a  ring  from  y^  inch 
brass,  and  screwing  into  its  rim  sixty  little  pins  of  steel  rod, 
or  wire.     These  must  be  most  accurately   placed,  or  the 
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entire  clock  will  turn  out  unsatisfactory*  It  is  absolutely 
necessary  that  this  wheel  be  large,  nothing-  smaller  than  the 
one  illustrated  will  answer,  because  the  pins  will  have  to  be 
placed  closer  together.  With  a  generously  proportioned 
wheel,  and  above  all,  accurately  spaced  pins,  the  wheel  will 
be  advanced  one  pin  for  each  swing  of  the  pendulum 
whether  its  arc  be  large  or  small,  wuthin  reasonable  limits. 
The  writer  is  very  frank  in  stating  that  unevenly  spaced 
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7— Seconds  Wheel-    B— Pmdaliun  Mounl.    ii— Dial  Work,    u— Knife-edge  iupport. 
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pins  will  lead  to  failure  of  the  clock  to  keep  time,  because 
when  two  pins  come  round,  under  the  action  of  the  driving 
arni»  if  thev  are  closer  tog^ether  than  the  others,  the  chances 
are  that  thev  will  both  be  taken  under  the  cam  occasionally 
in  one  stroke,  thus  causing  the  clock  to  gain.  Fig.  i86  illus- 
trates the  scheme  of  gearing  employed  in  ahuost  every 
clock  for  the  jiropcr  control  of  the  hands.  These  gear 
wheels  may  be  taken  from  any  old  clock  and  be  made  to 
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answer  our  purpose   perfectly,  or    they  may   be  ordered 

from  gear  makers  if  the  reader  is  not  equipped  for  this 
class  of  wtirk.  The  writer  recommends  the  use  of  gear 
wheels  taken  from  some  disused  clock.  They  are  easily 
altered  as  regards  their  bearings,  and  made  to  work  in  a 
simple  frame  as  indicated  in  Figs.  i8i  and  182.  These  may 
be  mounted  almost  frictionless  with  care,  and,  of  course. 
some  little  skill,  thus  requiring  very  little  energy  to  move 
them  at  the  very  slow  rate  for  which  they  are  intended. 
The  pressure  of  the  little  arms  against  the  pins  of  the  second 
wheel  should  be  exceedingly  small,  no  springs  being  used, 
merely  little  weights  as  shown  in  the  figure.  The  hands, 
too,  must  be  perfectly  balanced  by  soldering  on  little 
counter-weights  adjusted  to  balance  perfectly  by  exper* 
iment. 

This  clock,  when  the  solenoids  are  connected  in  series, 
will  run  for  a  year  without  any  attention  whatever  on  from 
four  to  six  cells  of  bluestone  gravity  battery,  and  keep  very 
accurate  time.  It  will  run  for  much  longer  periods,  in  all 
}>robabiIity,  when  connected  with  a  suitable  series  of  plates 
buried  in  the  earth,  and  connected  in  series.  The  writer 
has  not  yet  conducted  experiments  throughout  a  sufficiently 
l(uig  period  of  time  to  have  studied  the  faithfulness  of  such 
an  earth  battery.  The  battery  should  consist  of  at  least  ten 
couples,  ten  plates  of  copper  and  ten  of  zinc,  connected  as 
a  series  battery,  and  buried  about  four  feet  below  the  sur- 
face of  the  ground,  near  a  rain  spout.  These  plates 
should  be  12  to  18  inches  square,  and  at  least  ^  inch 
thick.  They  are  packed  in  the  ground  about  four  inches 
apart,  and  connected  with  rubber-covered  wire. 


MEASURING   THE   HEAT  OF    THE    STARS. 
BY   MARY   PROCTOR. 

That  the  heat  of  the  stars  can  be  measured   Has  oeen 
proved  by  Prof,  E.  F,  Nichols,  of  Dartmouth  College,  who 

has  invented  a  delicate  sensitive  instrument  known  as  the 
radiometer  and  specially  designed  for  this  purpose*  In 
189S  Prof.  Nichols  was  invited  by  Prof.  George  E.  Hale  to 


452 


EXPERIMENTAL   SCIENCE — APPENDIX. 


come  to  the  Yerkes  Observatory  and  experiment  with  the 

radiometer,  the  fine  equipment  of  the  observatory  being 
placed  at  his  disposal.  The  invitation  was  accepted,  and 
Prof.  Nichols  spent  the  two  summers  of  1898  and  1900  in 
perfecting  his  invention  and  testing  its  capabilities. 

The  case  of  the  instrument  was  made  of  a  block  of 
bronze,  which  was  bored  out  to  receive  it,  the  block  being 
about  2  inches  square  and  4  inches  long.  The  case  was 
perfectly  air-tight.  The  radiometer  suspension  of  torsion 
pendulum  was  built  up  on  a  thread  of  fine-drawn  glass 
32  millimeters  long,  to  the  lower  end  of  which  w^as  attached 
a  verv  small  plane  niirrur.  2,2  by  3  millimeters,  made  by 
silvering  a  fragment  of  very  thin  microscope  covxr  glass. 

Fig.  187 


Radiometer  Vanes. 

To  the  upper  end  of  the  drawn  glass  was  attached  a  very 
fine  quartz  fiber  32  millimeters  long,  the  upper  end  of 
the  fiber  being  made  fast  to  a  bit  of  steel  wire,  which 
passed  up  through  a  small  hole  in  the  axis  of  the  torsion 
head  {a,  Fig,  r88).  The  torsion  head  which  carried  the 
upper  end  of  the  suspension  was  in  turn  carried  on  a  small 
square  block  {A,  Fig.  188),  free  to  slide  in  a  slot  in  the  bridge 
{Cj  Fig.  188)  permitting  the  suspension  to  be  brought  closer 
to  or  withdrawn  from  a  fluorite  window  in  the  front  of 
the  case. 

On  the  axis,  two-thirds  of  the  way  above  the  mirror,  and 
in  a  plane  at  right  angles  to  it»  a  delicate  cross  arm  of  drawn 
glass  was  fastened,  having  on  its  two  extremities  the  two 
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blackened  radiometer  vanes  id d,  Fig.  if8)*  The  sensitive 
vanes  were  circles  about  2  millimeters  in  diameter,  which  to 
secure  lightness  and  uniformity  were  stamped  out  of  thin 
mica,  with  a  circular  steel  punch  made  fur  the  purpose. 

The  vanes  were  uniformly  coated  with  lamp  black,  and 
mounted  as  symmetrically  as  possible  with  reference  to  the 
axis  ot  rotation  (E  F,  Fig.  188),  The  distance  between  the 
centers  of  the  vanes  was  4,5  millimeters,  and  they  were 
placed  from  2.5  to  3  millimeters  behind  the  fluorite  window, 
A  piece  of  good  plate  glass  was  cemented  over  the  opening 
in  the  side  of  the  radiometer  case,  through  which  the  deflec* 
tions  of  the  suspension  could  be  read  by  the  telescope  and 
scale  method. 

The  rays  of  the  star  projected  from  a  condensing  mirror 
{F,  Fig.  189)  entered  the  radiometer  by  passing  through  the 
fluorite  window,  and  could  be  directed  to  fall  on  one  of  the 
blackened  surfaces  of  the  suspension  vanes  behind  the  win* 
dow.  Through  a  window  in  the  back  of  the  case,  the  star 
image  in  the  radiometer  and  the  blackened  vanes  of  the  sus- 
pension could  be  seen  at  the  same  time. 

The  heat  rays  of  the  star  falling  on  one  of  the  vanes  warm 
it  slightly,  and  in  accordance  with  a  principle  discovered  by 
Prof.  Crookes  a  surface  in  a  partial  vacuum  so  warmed  tends 
to  back  away  from  the  source  of  heat.  The  suspension  is 
thus  slightly  rotated,  as  the  fine  quartz  fiber  offers  little  re- 
sistance to  any  force  tending  to  twist  it.  It  was  in  the  terms 
of  this  twist  of  the  fiber  caused  b}^  the  different  star  images 
that  the  heat  sent  us  by  the  stars  was  compared. 

The  experiments  with  the  radiometer  were  made  in  the 
heliostat  room  of  the  Yerkes  Observatory,  which  has  been 
purposely  designed  for  work  of  this  kind.  The  gallery  to 
the  left  of  the  double  partition  is  provided  with  a  movable 
roof  and  sides  which  slide  back  between  the  w^alls  of  the  in- 
closed room  to  the  right,  leaving  only  a  low  parapet  above 
the  level  of  the  floor.  The  only  openings  through  the 
double  partition  are  a  window  large  en<*ugh  to  admit  the 
beam  from  the  heliostat  (at  H,  Fig.  189)  and  a  passageway 
closed  by  double  doors. 

The  beam  of  starlight  from  the  heliostat  was  throwa 
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Upon  a  24oot  concave  mirror  (M,  Fig,  189),  of  7  feet  9  inches 
focal  length,  and  the  converging  cone  was  caught  on  a  small 
45  dcg,  fiat  mirror  (F,  Fig,  1 89),  4  by  6  inches,  and  directed 
thence  into  the  radiometer  case  (R,  Fig.  189),  passing 
through  the  flourite  window,  the  focal  point  lying  in  the 
plane  of  the  vanes. 

Fig.  188  Fig.  1B9  Fie.  190 
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The  radiometer  (R,  Fig.  189)  was  mounted  on  a  wooden 
table^  standing  on  an  overhang  built  out  Irom  the  long  slate 
pier  show  n  in  the  diagram.  An  obser\^er  at  the  telescope 
(T,  Fig.  189)  read  the  deflection  of  the  radioraeier  suspensioii 
in  millimeter  divi^iions,  on  a  reacted  scale  at  S  (Fig.  1S9) 
behind  and  above  him  at  a  distaacx  idf  about  6  feet  from  the 
radiometer. 
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Cords  connecting  the  slow  motion  on  the  liehostat  were 
brought  to  a  point  within  convenient  reach  of  a  second  ob- 
server at  the  telescope  (T',  Fig.  189)  which  was  focused  on 
the  sensitive  vanes  as  seen  through  the  rear  %vindow.  The 
latter  observer  could  keep  the  star  image  constantly  in 
sight,  except  when  it  fell  upon  one  of  the  vanes,  in  which 
case  a  very  small  quantity  of  stray  light  in  the  image 
showed  its  position. 

With  an  observer  at  each  of  the  telescopes,  T  and  T' 
(Fig.  189)  the  observer  at  T  watched  the  motion  of  the  radio- 
meter, and  waited  for  a  period  of  comparative  quiet  which 
would  bring  the  image  of  the  scale  to  rest,  then  signaled  to 
the  observer  at  T'  to  throw  the  star  image  on  the  vane  or 
off  it,  as  the  case  might  be,  by  means  of  the  cords  running 
to  the  slow  motion  of  the  heliostat.  After  a  suitable  time 
the  radiometer  deflection  was  read.  Thus  a  series  (  f  **  on  '' 
and  '^  off  "  observations  were  taken  and  averaged.  The  re- 
sults were  quite  uniform,  the  radiometer  vane  showing 
about  the  same  deflection  at  each  observation  of  the  same 
star  or  object  under  examination.  In  this  w^ay  Prof.  Nichols 
experimented  again  and  again  with  the  bright  stars  Arcturus 
and  Vega.  The  averaged  results  were  quite  uniform,  the 
radiometer  vane  showing  nearly  the  same  average  deflection 
in  each  series  of  observations. 

In  the  second  series  of  observations,  made  in  1900,  the 
heliostat  was  replaced  by  the  heavily  mounted  coelostat, 
used  by  the  Yerkcs  Observatory  at  the  total  eclipse  of  the 
sun.  May  28,  1900,  at  Wadesboro,  N,  C*  The  ca^lostat  was 
driven  by  the  clock  of  the  12-inch  Kenwood  telescope.  The 
same  plane  mirror  used  in  1898  with  the  heliostat  was  re- 
silvered  and  mounted  on  the  polar  axis  of  the  ccelostat 

The  change  to  the  coelostat  made  the  use  of  an  additional 
plane  silvered  surface  necessary,  to  direct  the  beam  to  a  24- 
inch  concave  mirror.  The  position  of  the  new  vertical 
plane  mirror  depended  upon  the  declination  of  the  stars 
observecL  In  the  diagram  (Fig.  190)  C  shows  the  position 
of  the  ccelostat,  F  the  position  of  the  vertical  plane  mirror 
when  used  in  observations  of  Jupiter  and  Saturn,  and  F'  its 
relative  position  while  used  in  observations  of  Arcturus. 
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The  remaining  parts  of  the  diagram  (Fig,  190)  correspond 
to  those  in  Fig.  189,  with  the  exception  of  the  radiometer, 
which  was  mounted  farther  back  in  the  covered  gallery 
than  in  the  arrangement  made  in  1898.  Fig.  191  shows  the 
radiometer  in  this  position  and  the  24  inch  mirror  used  in 
measuring  the  heat  rays  of  the  stars  and  planets. 

To  test  the  sensitiveness  of  the  instrument,  some  con- 
venient standard  of  reference  was  required,  and  Prof.  Nich- 
ols used  a  common  parafhrie  candle  as  a  basis  for  his  experi- 
ments.  The  radiometer  having  been  thoroughly  tested  by 
means  of  these  experiments,  it  was  used  to  measure  the 
heat  of  the  stars  Arcturus  and  Vega  and  the  planets  Jupiter 
and  Saturn  with  the  following  results :  The  quantity  of  heat 
sent  from  Arcturus  was  found  to  be  somewhat  greater  than 
the  heat  which  would  be  received  at  a  given  point  from  a 
candle  six  miles  away^  if  none  of  the  candle's  heat  were  ab* 
sorbed  by  the  atmosphere.  Observations  on  Vega  showed 
that  it  radiated  about  one*haJf  the  amount  of  heat  received 
from  Arcturus.  The  planet  Jupiter  sends  us  about  twice  as 
much  heat  as  Arcturus^  while  we  receive  from  Saturn  only 
heat  enough  to  equal  the  unabsorbed  radiation  of  a  candle  ten 
miles  away. 


THE  NERKST   LAMP, 

In  the  Nernst  lamp,  like  the  incandescent  lamp,  the 
radiating  body  is  a  filament  heated  by  the  passage  of  a  cur- 
rent, either  alternating  or  direct.  The  filament  is  a  com- 
position formed  by  mixing  rare  earths  with  a  refractory 
body.  Rare  earths  when  heated  ttj  the  approximate  tem- 
perature of  the  incandescent  lamp  give  a  brilliant  white 
light.  The  quality  of  the  light  is  remarkable  for  its  close 
approximation  to  daylight,  giving  to  colored  objects  their 
true  appearance.  This  property  makes  the  lamp  especially 
desirable  in  stores*  art  galleries,  drawing-rooms,  etc. 

The  filament  is  a  non-conductor  at  a  low  temperature, 
and  therefore  some  device  must  be  employed  to  raise  its 
temperature  before  current  can  pass  through  it*  Accord- 
ingly, a  platinum  resistance  called  a  ** heater*'  is  provided 
for  bringing  the  filament  to  a  conducting  temperature.   The 
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an  Alaminium  Plug  Remdj  to  be  Inserted, 

voltage  at  its  terminals  rises;  at  first  rapidly,  and  then 
more  and  more  slowly  to  a  maximum,  beyond  which  it 
a^in  drops  off  with  increasing  rapidity  as  the  current  and 
resulting  temperature  through  the  glower  continue  to  in^ 
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crease.  Beyond  the  paint  of  niLiximum  voltage  the  de- 
crease in  resistance  of  the  glower  is  so  rapid  as  to  make 
the  current  difficult  of  control.  In  fact,  without  the  em- 
ployment  of  a  steadying  resistance  the  conducting  filament 
would  rapidly  develtii>  a  short-circuit  and  flash  out*  This 
tendency  is  counteracted  by  placing  a  steadying  resistance, 
or  *' ballast/'  in  series  with  the  glower.  Such  a  steadying 
resistance  placed  in  the  lamp  as  actually  constructed  rises 
in  temperature  and  increases  in  resistance  by  as  much  as 
the  glower  diminishes. 

The  glower  for  a  22ovolt  lamp  is   about  25  millimeters 
long  and  0.63  of  a  millimeter  in  diameter.     It  is  made  by 

Fir..  194. 


Parts  of  tbe  Single«OIower  Lamp. 

forcing  through  a  die  a  dough  made  of  the  rare  earth  mixed 
with  a  suitable  binding  material,  cutting  the  porcelain-like 
string  thus  made  into  convenient  lengths^  dryings  roasting 
and  finally  attaching  lead-in  wires.  Embedded  in  the  ends 
of  the  glower  are  platinum  wires  ending  in  beads,  so  that 
any  tendency  on  the  part  of  the  glower  material  to  shrink 
by  repeated  heatings  can  only  result  in  tightening  the  con* 
tact,  and  maintaining  intimate  union  between  the  platinum 
bead  and  the  glower.  To  the  platinum  beads  are  fused 
short  lead  wires  of  platinum,  to  which  in  turn  are  fastened 
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conducting  wires  ending  in  aluminium  plugs.  A  bundle  of 
the  glowers  is  shown  in  Fig,  192.  When  the  glower  is  pro- 
perly made,  its  voltage  changes  but  slightly  during  its  life, 
the  tendency  being  to  rise  from  two  to  four  per  cent  in 
eight  hundred  hours. 

As  already   mentioned^   the   glower  is  non-conducting 

Fig.  195. 


SIx-Glowef  Lanip—- Out-Door  T?'pe. 

when  cold,  and  means  must  be  pro\"ided  fur  bringing  it  to  a 
conducting  temperature.  The  heater  as  now  a:instructed 
consists  of  a  thin  porcelain  tube,  over-wound  witb  a  tine 
platinum  wire,  pasted  with  cement,  the  latter  serving  to 
protect  the  platinum  from  the  intense  heat  of  the  glowers. 
These  tubes  are  wound  for  no  volts  and  arc  connected  in 
pairs  of  two  in  series  according  to  the  scrrioe ;  the  one. 
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lamp.  On  removing  the  I-bolt  the  housing  comes  off  and 
we  find  the  steadying  resistance-botties  placed  in  a  semi- 
circle  around  the  cutout.  The  connections  are  made  with 
small  aUimioium  plugs  on  the  ends  of  the  inner  connecting 
wires.  All  parts  are  mounted  on  porcelain;  the  lamp  con- 
tains no  combustible  material  whatever.  The  lamps  are 
made  of  from  50  to  2,000  candle  power.  There  is  one 
glower  in  all  lamps  of  50  candle  power,  and  the  number  in- 
creases up  to  30  for  the  2*000  candle  power. 


PHOTOGRAPHING   THE   ELECTRIC   ARC 
BY   PROF.    A.    C.    STOXE. 

It  is  conceded  that  the  classic  demonstration  in  the 
Royal  Institutitm  of  Great  Britain  in  iSio,  bySir  Humphry 
Davy,  when  the  voltaic  arc  was  first  exhibited,  presented 
the  beginning  of  a  world-famed  era  in  artificial  illumination. 
It  needs  but  a  glance  at  the  history  of  artificial  lighting  In 
see  that  some  of  the  greatest  minds  have  been  concerned  in 
the  final  production  of  that  most  powerful  of  artificial 
ilhiminants.  the  electric  arc.  Though  progress  in  its  de- 
velopment was  slowly  going  on  during  the  first  half  of  the 
century,  the  last  three  decades  have  witnessed  by  far  the 
mos^t  phentmienal  results,  such  results  being  made  possible 
only  after  Gramme  had,  in  J  870,  opened  the  way  by  the  in- 
vention of  the  dynamo-electric  machine. 

Attention  is  frequently  called  to  the  almost  innumerable 
devices  and  improvements  used  upon  the  arc  light,  along 
the  lines  of  controlling  mechanisms  for  various  purj.)Oses, 
with  lamps  used  on  both  continuous  and  alternating-current 
systems,  together  with  discussions  on  the  substitution  of 
the  modern  inclosed  arc  for  the  open  arc»  and  allied  sub- 
jects. The  questicm  of  the  carbons,  however,  does  not,  and 
at  present  need  not,  receive  quite  scj  much  attention. 

For  our  purpose  it  is  necessarv  to  consider  for  a 
moment  a  bit  of  the  history  in  arc  light  carbon  production. 
The  water-quenched  charcoal  pencils  employed  by  Davy 
had  soon  to  give  way  to  a  harder  form  of  carbon,  in  order 
to  obtain  even  moderatelv  satisfactory  results  with  the  arc. 
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Gas-retort  carbon  was  subseciuentty  uscxl  for  some  years, 
and  though  it  was  stifficiently  hard,  it  contained  impurities, 
of  which  silica  was  a  very  important  one.  The  eiTect  of  such 
impurities  was  to  produce  a  constant  hissing,  and  frequent 
blowouts  as  well.  It  is  evidently  with  this  class  of  carbons 
that  the  illustrations  of  the  arc  so  frequently  seen  in  text- 
books of  physics  and  electricity  have  been  made.  It  may 
be  more  accurate  to  say  that  drawings  made  ol  the  arc, 
when  carbons  containing  large  quantities  of  impurities  were 
in  use,  have  been  copied  and  recopied  from  an  early  date  in 
the  history  of  the  arc  down  to  the  present  time.  One  of 
the  commonest  of  these  representations  seems  to  have  been 
handed  down  from  an  early  drawing,  and  is  shown  in  Fig. 
197.  It  exhibits  a  number  of  globules  or  wart-like  forms  of 
matter  on  the  negative  carbon,  which  are  very  large  in 
comparison  with  the  carbon  pencil  itself.  It  does  not  seem 
just  to  doubt  the  correctness  of  this  representation,  for  in 
all  prubability  it  was  made  when  the  carbons  contained  im* 
purities  to  such  an  extent  as  to  give  this  peculiar  appear- 
ance. 

It  is  interesting  to-day,  when  the  manufacture  of  carbons 
has  reached  such  a  state  of  perfection  that  the  carbons  are 
homogeneous  in  texture  and  almost  entirely  free  from  im- 
pjurities,  to  consider  the  vast  difference  in  their  appearance 
when  in  operation,  in  comparison  with  the  earlier  forms. 
This  comparison  is  facilitated  by  the  science  of  pho- 
tography, which  has  reached  its  present  development 
during  practically  the  same  period  as  electricity^  This 
makes  it  possible  for  the  arc  to  now  tell  its  own  storj%  and 
we  have  from  direct  photographs  the  exact  appearance  of 
the  arc  in  operation.  No  retouching  of  the  negatives,  or 
changes  in  them  to  the  least  extent,  have  influenced  the 
character  of  the  prints  for  the  half-tone  cuts  herewith 
shown.  No.  2,  Fig.  198,  shows  a  ctmtinuous-cu rrent  open  arc 
after  operating  for  seventy  minutes  at  no  volts  and  25 
amperes*  This  should  be  compared  with  Fig,  197  to  show 
tlie  superiority  of  the  present  carbons;  and  also  particularly 
to  exhibit  tlie  characteristic  bridge  of  incandescent  carbon 
particles  which  is  always  present  between  the  poles.     The 


2.  CanMnirmis  ciirrpiit  open  arc  after  burning:  seventy  mi nittcs.  ^  Thc^me  nft*^  burning 
two  hotira.  4.  Alternatinjr  cwrreut  arc  after  boming  two  hotifs.  5.  and  6.  Inclosed 
arcs.    7.  FTx>m  reversed  negative. 

Photographing  the  Electric  Arc  Under  Various  Conditions. 

passinigf   upward   around   that   pole  and   assisting    disinte- 
gration. 

Photographs  taken  respectively  of  alternating  atvd  ccs^w- 
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tinuous-current  inclosed  arcs  are  shown  in  Nos.  5  and  6^  Fig, 
198.  These  pictures  were,  of  course,  made  through  the  inner 
cylinder,  which  immediately  incloses  the  arc,  and  so  are 
less  distinct  than  those  of  the  open  arcs.  No,  5  illustrates 
the  disposition  of  the  alternating  inclosed  arc  to  wander. 
No.  6  does  not  indicate  such  a  disposition,  though  it  is 
doubtless  present  to  some  extent  in  the  continuous  as  well 
as  the  alternating^-current  li^xht.  It  seemed,  howev^er,  at 
the  time  of  photographing  that  the  tendency  of  the  alter- 
nating arc  to  wander  was  much  greater  than  that  of  the 
continuous-current  arc.  The  results  thus  shown  at  Nos.  5  and 
6,  Fig.  198,  were  obtained  on  lamps  which  had  been  in  opera- 
tion for  a  sufficient  number  of  hours  to  giv^e  the  carb<:insa 
normal,  typical  appearance,  yet  the  photographs  are  quite 
unsatisfactory  in  some  respects,  and  it  is  the  intention  of 
the  writer  to  improve  upon  them  in  the  near  future. 

No.  7  is  only  of  interest  in  so  far  as  it  shows  a  good  re* 
versal  picture  produced  by  the  alternating  arc  when  the 
exposure  is  properly  timed  to  obtain  this  effect.  The  w^ork 
oi  photographing  the  arc  thus  described  was  undertaken  by 
the  writer,  at  the  University  of  Wisconsin,  for  the  purpose 
of  obtaining,  if  possible,  a  suitable  illustration  of  the  arc  as 
it  appears  in  modern  practice. 

In  conclusion,  it  may  be  noted  that  it  does  not  seem 
necessary  t^>  attempt  to  picture  the  arc  in  modern  books  on 
physics  and  electricity  by  such  an  antiquated  illustration  as 
is  comraonly  used.  It  is  not  to  be  objected  to  so  much,  of 
course,  on  the  ground  of  ancient  history  considerations,  as 
upon  that  of  incompleteness  and  incorrectness.  It  seems  of 
much  importance  that  new  books  should  exhibit,  so  far  as 
possible,  new  and  original  illustrations.  Such  illustrations 
appeal  to  the  eye  of  the  student  more  readily,  assist  in 
elucidating  points  in  the  text,  and  enhance  the  value  oi 
the  book. 


HIGH  ELECTROMOTIVE   FORCE. 
BX  JOHN  TRO%VBRIDGE,  PROFESSOR  OF  PK\'SICS,  HARVARD  UiaVHBSrrY. 

I  have  lately  perfected  a  large  plant  for  the  study  of  the 
discharges  of  electricity  through  gases  which  I  believe  is 
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more  extended  and  on  a  larger  scale,  than  any  at  present  in 

existence;  and  I  have  obtained  some  results  with  it,  espe- 
cially in  the  subject  of  high  electromotive  force,  which  throw* 
light  upon  many  mooted  paints.  The  source  of  electricity 
which  produces  the  electrical  discharges  is  obtained  from 
ten  thousand  storage  cells.  From  these  cells  I  obtain  very 
approximately  twenty  thousand  volts,  and  by  means  of  a 
peculiar  apparatus  called  Planters  rhcostatic  machine,  I  am 
enabled  to  obtain  over  t>ne  million  volts— which  enables  me 
to  experiment  with  powerful  discharges  in  air,  more  than 
four  feet  in  length. 

Fin,  igg 


The  Culls, 


By  the  employment  of  storage  cells  in  the  subject  of  the 
discharges  of  electricity  through  gases,  one  can  form  a  fair 
estimate  of  the  amount  of  energy  that  is  employed  to  pro- 
duce the  desired  effects— for  instance,  the  X  rays ;  while 
with  the  use  of  electrical  machines  or  induction  coils  and 
transformers  it  is  extremely  difficult,  if  not  impossible,  to 
form  an  accurate  estimate.  Fig.  199  is  an  illustration  of  the 
type  of  cells  of  which  the  battery  consists.  Each  cell  is 
composed  of  a  test  tube  5^  inches  long  and  f  of  an  inch  in- 
ternal   diameter  containing   two  strips   of   lead  vcK\c\\  -slt^ 
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separated  from  each  other  by  rubber  bands  and  are  im- 
mersed in  dilute  sulphuric  acid.  The  surfaces  of  the  lead 
strips  are  roughened  by  a  chemical  device,  and  the  cells  are 
charged  in  multiple  circuit  by  means  of  a  dynamo  machine* 
When  the  cells  are  properly  formed,  each  one  gives  two 
volts  and  has  an  internal  resistance  of  one-quarter  of  an  ohra. 
The  problem  of  insulating  these  cells  was  a  serious  one;  but 
it  was  practically  solved  by  mounting  the  cells  in  sets  of 
threes,  in  holes  bored  in  a  block  of  wood  which  had  been 
carefully  boiled  in  paraffine.  The  mechanician  of  the  labor- 
atory, Mr.  George  Thompson,  devised  a  simple  switchboard 
which  enables  me  to  throw  the  cells  into  multiple  or  into 
series — to  use  the  entire  ten  thousand,  or  suitable  portions 
of  this  number.  The  battery  gives  eight  amperes  of  current 
with  tAventy  thousand  volts,  and  this  amount  of  energy  is 
amply  sufficient  to  kill  a  man.  By  accident  an  operator  re- 
ceived a  shock  from  only  one  thousand  of  these  cells  and 
was  badly  shocked  and  burned.  It  is  prudent  therefore  in 
esperimenting  with  this  battery  to  use  rubber  gloves,  even 
in  throwing  the  switches,  and  it  is  recommended  to  employ 
only  one  hand  covered  with  a  rubber  glove  and  to  keep  the 
other  hand  in  a  pockeL 

I  had  at  first  intended  to  use  this  large  battery  in  the 
study  of  electrical  discharges  through  Crookes  tubes,  but  I 
speedily  found  that  X  rays  could  not  be  excited  by  a  differ- 
ence of  potential  represented  by  twenty  thousand  volts.  I 
found  that  at  least  one  hundred  thousand  vt^lts  were  necesu 
sary  to  produce  them  strongly,  and  I  therefore  resolved  to 
construct  a  Plants  rheostatic  machine.  This  machine  b 
simply  an  apparatus,  by  means  of  which  Leyden  jars  arc 
first  charged  in  parallel  and  are  then  discharged  in  series  or 
by  cascade.  That  is,  all  the  inside  coatings  of  the  jars  are 
connected  to  the  negative  terminal  of  the  ten  thousand  cells, 
and  all  the  outside  coatings  are  connected  to  the  pt^sitive 
terminal  of  the  cells.  When  the  cells  are  charged  the  inside 
of  one  Leyden  jar  is  connected  to  the  outside  of  the  next, 
and  so  on.  In  this  w^ay  a  very  high  electromotive  force  can 
be  obtained.  I  use  sixty  Leyden  jars  in  the  form  ol  plates 
ol  glass  15  X  i8  inches  coated  on  both  sides  with  tinfoiL 
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Starting  with  twenty  thousand  volts,  I  can  exalt  this  to  one 
million  two  hundred  thousand  volts.  The  accompanying 
illustration  (Fig,  200)  shows  the  Plante  machine.  The  me- 
chanician of  the  laboratory  has  introduced  a  notable  im- 
provement in  the  apparatus  of  Plant6.  Instead  of  a  revolv- 
ing commutator,  such  as  was  used  by  the  latter,  Mr. 
Thompson  employed  lever  arms,  by  means  of  which  the  jars 
were  first  charged  in  parallel  and  then  discharged  in  series. 
It  was  found  that  the  apparatus  designed  by  Plante  could 
not  be  used  for  higher  voltages  than  one  or  two  thousand 
without  serious  error  and  loss.  By  means  of  this  apparatus 
I  can  study  electrical  discharges  at  least  4  feet  in  length — 
of  great  body — which  are  produced  by  an  electromotive 
force  of  one  million  two  hundred  thousand  volts.  This  ap- 
paratus possesses  the  great  advantage  that  it  enables  one  to 
obtain  a  fairly  exact  measure  of  such  high  voltage.  When 
we  reflect  that  the  trolley  car  employs  only  five  hundred 
volts,  and  in  the  system  of  transmission  of  power  from  Ni- 
agara Falls  it  is  proposed  to  use  only  ten  thousand  volts,  it 
is  evident  that  the  effects  produced  by  voltages  of  over  one 
million  must  be  of  great  scientific  interest. 

The  study  of  such  high  electromotive  forces  immediately 
showed  that  previous  estimates  of  the  electromotive  force 
necessary  to  produce  a  spark  of  a  certain  length  were 
highly  erroneous.  For  instance,  Heydeweiler,  a  German 
investigator,  believes  that  Prof.  Elihu  Thomson's  state- 
ment that  a  spark  of  5  feet  in  length  which  he  produced  re- 
quired a  voltage  of  five  hundred  thousand,  is  very  wide  of 
the  mark,  and  Heydeweiler  maintains  that  one  hundred 
thousand  would  be  nearer  the  truth,  I  find  that  even  Prof. 
Thomson's  estimate  must  be  more  than  doubled.  Experi- 
ments with  my  apparatus  show  conclusively  that  the  length 
of  the  electric  spark  between  points  separated  by  more  than 
one  inch  varies  directly  with  the  electromotive  force,  A 
spark  forty-eight  to  fifty  inches  in  length  requires  an  elec- 
tromotive force  of  one  million  two  hunvired  thousand  volts, 
and  a  discharge  of  lightning  one  mile  long  would  therefore 
require  the  enormous  number  of  over  one  hundred  million 
volts.     In  reflecting  upon  the  development  of  such  e^o»Txsvo>^.^ 
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energy  in  the  air  we  can  understand  why  telephone  bells 
ring  during  a  thunderstorm ;  why  subsidiary  sparks  occur 
in  networks  of  wires  ;  and  why  telegraphic  messages  are  in- 
terrupted. The  world  beneath  the  thunderstorm  throbs  and 
pulsates  with  the  oscillatory  discharges  of  lightning* 

One  of  the  most  interesting  results  of  my  stud}^  of  pow- 
erful disruptive  discharges  is  the  discovery  that  such  dis- 
charges will  pass  through  glass  tubes  which  are  exhausted 
to  such  a  high  degree  that  they  are  said  to  contain  a  vacuum  ; 
for  the  8-inch  spark  of  a  Ruhmkorff  coii  prefers  to  jump 
around  the  tube  to  passing  through  the  extremely  rarefied 
space  in  the  interior  of  the  tube.  Such  tubes,  however,  are 
brilliantly  lighted  by  a  difference  of  potential  of  a  million 
volts  and  readily  show  the  X  rays,  and  exhibit  the  skeleton 
of  the  hand  in  a  fluoroscope*  The  so*called  brush  discharge 
from  the  positive  terminal  of  the  Piante  machine  extends 
visibly  to  a  distance  of  over  a  foot.  If  the  hand  is  exposed 
to  this  brush,  it  produces  the  well-known  X  ray  burn,  such 
as  various  investigators  have  received  in  taking  photographs 
of  the  skeletons  of  thtir  hands,  or  in  testing  the  condition  of 
Crookes  tubes  by  exposing  their  hands  before  a  fluoroscope. 
The  skin  of  the.  hand  becomes  irritable  and  turns  a  bright 
red  color,  especially  after  exposure  to  cold  winds. 

The  result  interested  me  greatly  ;  for  it  proved  that  the 
Sf>callcd  X  ray  burn  could  be  produced  by  the  brush  dis- 
charge of  very  high  electromotive  force.  The  extent  of  the 
influence  of  this  powerful  brush  discharge  is  very  great. 
For  instance,  photographic  plates  in  a  plate  holder  carefully 
insulated  from  the  ground  and  covered  with  a  plate  of  glass 
half  an  inch  in  thickness  show  the  inductive  action  of  the 
brush  discharge  from  the  positive  terminal,  which  is  distant 
at  least  a  foot.  These  inductive  effects  are  manifested  by 
star-shaped  figures  on  a  photographic  plate.  They  are  sur- 
rounded by  dark  clouds.  When  the  burn  on  the  back  of 
one's  hand  produced  by  such  brush  discharges  is  examined 
by  a  microscope  similar  centers  of  disturbance  (in  this  case 
points  of  inflammation)  are  seen.  Although  the  Leyden  jars 
of  my  machine  are  carefully  insulated  on  supports  of  vul- 
canite which  are  mounted  on  dry  wood,  which  in  turn  is 
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supported  on  rubber,  I  can  obtain  a  discharge  of  more  than 
2  feet  in  length  when  I  bring  a  point  connected  to  the  steam 
pipes  to  the  neighborhood  of  one  terniinal  of  the  machine* 
The  other  terminal  of  the  machine  is  carefully  insulated. 
This  experiment  shows  conclusively  that  it  is  of  no  use  to 
insulate^ightning  rods.  My  experiments  thus  far  show  that 
no  vacuum  which  I  can  produce  can  resist  the  discharges 
which  are  caused  by  one  million  volts.  It  now  becomes  an 
interesting  question  whether  there  exists  mechanical  or 
chemical  means  by  which  a  so-called  vacuum  can  be  produced 
which  will  resist  such  discharges. 

THE     ELECTRICAL     PLANT     OF      THE     JEFFERSON      PHYSICAL 

LABORATORY. 
BY   PROF.  JOHN  TROWBRIXMSE. 

The  Jefferson  Physical  Laboratory  of  Harvard  Univer- 
sity has  at  present  the  most  extensive  plant  for  the  study  of 
high  tension  electricity  in  the  world.  It  consists  of  2o,ouo 
storage  cells  with  transformers  which  can  exalt  the  normal 
voltage  of  these  cells — 44,000  volts— to  6,000,000*  A  higher 
voltage  could  be  obtained,  but  I  have  discovered  that  even 
3»ooo,ooo  volts  is  not  realized  in  the  length  of  the  electric 
discharge,  which  should  be  10  feet — ^as  long  as  the  ap- 
paratus is  inclosed  in  a  room  with  walls  of  brick.  It  will 
be  necessary,  if  the  effects  of  high  voltage  are  to  be  studied 
in  regard  to  their  full  disruptive  effects,  to  place  the  ap- 
paratus in  an  open  field,  and  at  least  30  feet  above  the 
surface  of  the  ground. 

In  a  previous  article  I  described  the  type  of  cell  and 
the  peculiarities  of  my  transformer.  I  wish  to  describe  in 
this  article  some  new  results  I  have  obtained  with  the 
greatly  increased  size  of  the  battery* 

The  plant  occupies  a  room  in  the  laboratory  approxi- 
mately 30  by  60  feet.  The  battery  is  contained  in  closets  with 
doors  to  protect  from  the  dust.  Fig.  201  gives  a  general 
view  of  these  closets  with  the  racks  of  cells. 

Glass  condensers  serve  the  function  of  Leyden  jars. 
There  are  twelve  of  these  trays,  carrying  twenty*tive  glass 
plates  each,  there  being  thus  three  hundred  plates  in  all. 
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microfarads.  When  the  condensers  are  charged  to  20,000 
volts  and  discharged  in  series  a  spark  6J  feet  in  the  air  is 
prodiiced.  As  I  have  previously  said,  a  longer  spark  can- 
not be  produced  as  long  as  the  apparatus  is  situated  in  a 
room  and  not  in  an  open  space. 

I  have  lately  made  some  interesting  experiments  in 
regard  to  the  question,  "  Can  lightning  pass  through  a 
small  orifice? '*  And  I  mention  these  experiments  in  this 
conneclion  to  illustrate  the  character  and  behavior  of  these 
powerful  discharges.  A  plate  of  glass  5  feet  square  and  i 
of  an  inch  thick  m as  placed  between  the  spark  terminals* 

Fig,  202 


Discharg^c  at  Hii^b  Potential. 


The  plate  was  necessarily  of  this  size  to  prevent  the  sparks 
from  passing  around  the  edges  of  it.  The  plate  had  a  small 
hr>le  bored  through  it  at  its  center.  The  orifice  could  be 
made  much  smaller  by  filling  the  hole  with  paraffine  and 
making  a  needle  hole  in  the  paraffine.  It  was  found  that 
when  the  discharge  terminals  were  in  line  with  the  hole 
and  5  feet  apart,  the  discharge  would  pass  through  the 
minutest  orifice ;  but  the  portion  which  passed  through 
the  hole  was  only  a  fraction  of  the  entire  discharge,  fori 
there  was  an  inductive  action  over  the  entire  surface  of  the 
glass.    This  inductive  action  could  be  shown  by  hanging  a 
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large  sheet  of  paper  in  front  of  the  glass.  After  the  dis- 
charge it  was  found  closely  adhering  to  the  glass,  while  its 
presence  did  not  modify  the  general  appearance  of  the 
spark  shown  by  the  photograph ;  furthermore,  when  the 
hole  in  the  plate  is  entirely  closed  by  paraffine  and  the 
spark  terminals  are  placed  opposite  each  other,  about  4  feet 
apart,  with  the  glass  plate  midway  between  them,  a  spark 
will  jump  from  one  terminal  to  the  surface  of  the  glass, 
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Explosioo 


Discharge  Througb  Paraffined  Paper, 


while  no  spark  is  seen  on  the  opposite  side  of  the  glass.  On 
close  inspection,  hoAvever,  a  faint  brush  discharge  can  be 
detected  on  the  sparklcss  termin*'il ;  the  discharge  has  been 
continued  by  an  inductive  action  over  the  entire  surface  of 
the  glass. 

When  the  spark  terminals  w^ere  not  opposite,  the  spark 
also  sought  the  orifice,  but  in  general  the  discharge  jumped 
to  the  nearest  point  of  the  glass  and  then  pursued  a  devious 
way  to  the  hole.     I  was  interested  to  study  the  electrical 
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the  air  gap.  This  leads  me  U)  think  that  a  small  spark 
coi;Id  occur  under  certain  conditions  inside  a  metallic  cage, 
and  in  the  case  of  very  powerful  lightning  discharges  a 
wire  cage  would  not  be  a  perfect  protection  for  a  powder 
magazine. 

I  have  used  the  strong  current  from  the  entire  battery 
to  excite  discharges  in  hydrogen,  for  the  spectroscopic 
study  of  this  gas  is  of  the  highest  interest*  since  it  is  ap. 
parentis'  the  chief  constituent  of  the  atmosphere  of  a  great 
number  of  stars,  and  it  is  the  constituent  of  the  flames  of 
the  sun.  From  mv  spectroscopic  study  I  find  that  aqueous 
vapor  becomes  manifest  in  all  glass  vessels  which  I  have 
examined  filled  with  apparently  pure  dry  nitrogen  or 
hydrogen.  The  powerful  discharges  drive  off  the  aqueous 
vapor  from  the  glass,  notwithstanding  the  glass  has  been 
subjected  to  a  long  process  of  heating  to  expel  the  vapor 
dur  og  the  exhausting  of  the  tubes. 

The  most  interesting  result,  however,  I  have  obtained 
with  this  great  battery  is  the  production  of  the  X  rays  for 
the  first  time  by  a  steady  current  An  X  ray  tube  is  simply 
connected  to  the  terminals  of  the  battery  and  a  water 
resistance  of  perhaps  a  million  ohms  is  inserted  in  the 
circuit;  the  tube  is  then  heated  by  an  external  source  of 
heat.  In  an  instant  the  tube  lights  with  a  most  brilliant  ex- 
hibition of  X  rays,  and  photographs  taken  by  means  of 
them  show  unmistakable  evidences  of  the  tendons  and 
muscles.  I  believe  that  when  the  right  conditions  are 
reached  I  shall  obtain  satisfactory  photographs  of  these 
objects. 
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BY  PROF.    JOHN  TROWBRIDGE. 

I  believe  that  the  following  experiments  show  that  light- 
ning never  strikes  the  surface  of  the  sea.  In  studying  the 
spectrum  of  water  vapor,  I  have  often  endeavored  to  pass 
powerful  sparks  to  the  surface  of  water,  in  order  to  obtain  a 
strong  spectrum  from  the  resulting  volatilization.  In  every 
case  sparks  of  high  electromotive  force  resembling,  as  far  as 
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possible,  lightning  discharges,  being  with  my  apparatus  6 
feet  in  length,  refuse  to  strike  the  surface  of  a  level  basin  of 
water,  and  pass  to  the  edges  of  the  containing  vessel.  Even 
if  the  terminal  is  brought  close  to  the  surface  of  the  water, 
only  a  brush  discharge  manifests  itself.  In  one  experiment 
1  inclosed  water  in  the  ends  of  a  vacuum  tube,  Fig.  205.  Hav 
ing  exhausted  the  tube  to  the  point  of  the  vapor  tension  of 
water,  I  endeavored  tc^  force  a  discharge  from  the  surface  of 
the  water  A  to  that  of  B.  This  was  found  to  be  impossible. 
1  was  led  to  these  experiments  with  the  desire  to  obtain 
a  spectrum  of  water  vapor  which  would  be  free  from  all 

Fig.  2J5. 
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Vacuum  Tube  Containing  Water* 

suspicion  of  the  metallic  lines  of  the  terminals  employed. 
Sul)St\iueiit  experiments,  however,  convinced  me  that  with 
loag  sparks  no  metallic  lines  showed  themselves  at  a  distance 
of  even  2  inches  from  the  terminals.  If  the  quantity  of  the 
dischari^e  is  made  very  lari::e  by  the  use  of  a  powerful  in- 
duction coil  actuated  by  a  Wehnelt  or  liquid  interrupter,  the 
metallic  lines  can  be  seen  further  than  2  inches  from  the 
metallic  terniinals. 

It  is  also  extremely  difficult  to  pass  powerful  sparks  from 
one  stream  ')t  water  to  another.  In  this  case  we  also  have 
twD  liquid  terminals  free  tr«)m  any  suspicion  (^f  contaTiina- 
tion  of  spectra.     My  apparatus  was  arranged  as  shown  in 
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Fig.  206.  A  step-up  transformer,  giving  powerful  discharges 
with  a  difference  of  potential  of  one  or  two  hundred  thou- 
sand volts,  was  connected  to  two  vessels  of  water  which  de- 
livered two  streams  of  water.  It  was  interesting  to  see  the 
two  streams  approach  each  other  under  the  effect  of  the 
alternating  plus  and  minus  charges.  When  the  streams 
were  attracted  sufficiently  near  each  other  a  spark  passed 
which,  on  account  of  the  high  resistance  of  the  water,  did 
not  give  sufficient  light  for  spectrum  analysis.     When  salt 

Fig.  206 
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Experiment  With  Streams  of  Water. 

was  dissolved  in  the  water  a  brilliant  spectrum  of  sodium 
vapor  was  obtained.  The  experiment  affords  a  gocd  class 
illustration  of  the  attraction  of  alternating  currents,  but  did 
not  serve  my  purpose  in  studying  water  vapor.  It  does  not 
seem  probable  that  lightning  discharges  pass  through  regions 
in  the  air  of  heavy  rainfall. 

Lightning  discharges  which  seem  to  strike  the  sea  really 
pass  from  one  region  of  the  air  to  another,  and  it  is  only  per- 
spective  which  leads  one  to  suppose   that  the  discharges 
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^,  Li  to  another.     1  have  reason  to  believe  from 

u^cs  with  powerful  dii^charges  that  we  underrate 

and  voltage  of  lightning. 

.  uu  Franklin  would  never  have  tried  his  famous 

viu  if  he  had  previously  used  an  apparatus  similar 

iv>j  (ailed  to  obtain  the  water-vapor  spectrum  with 
il  water  terminals,  I  turned  ni}-  attention  to  the  pro- 
-    u<m  of  the  electric  spark  under  water.     Certainly  in  this 
»,.u:iv   I  should  have  the  Ugh!  of  aqueous  vapor  in  excess  of 
tihv  hjfht  of  the  metallic  terminals.     I  found  it  was  difficult 
V^^iriHluce  a  spark  under  distilled  water  by  the  simple  ira- 
1^4'ijiion  of  the  terminals.     It  was  necessary  to  seal  platinum 
^irt^H  in  glass  tubes,  and  these  wires  should  not  emerge  from 
^Ko  Ijlass  tubes  to  a  greater  distance  than  half  an  inch,  and 
^^tHt?ovcr  should  be  immersed  but  a  short  distance  below  the 
iuiiuce  of  the  water,  if  the  water  is  contained  in  a  glass  tube 
ill  not  more  than  2  inches  in  diameter.     If  they  are  immersed 
<4i  tulcpth  of  even  2  inches  the  sparks  I  employ  will  instantly 
nluittcr  the  glass  tube.     The  light  of  the  electric  spark  under 
wtiter  is  extremely  brilliant  and  resembles  that  of  an  inclosed 
nrc   lamp.     There  are  no  lines,  however,  in  its  spectrum. 
The  spectrum,  in  other  words,  is  continuous  and  like  that  of 
an  incandescent  solid.     How  shall  we  picture  to  ourselves 
the  formation  of  this  light?     Is  it  due  to  the  combustion  of 
oxygen  and  hydrogen  which  are  set  free  from  the  water,  or 
is  it  possible  that  the  particles  of  water  vapor  sufficiently  re- 
moved from  a  state  of  continuity  can  become  incandescent? 
The  spectrum  of  powerful  electric  sparks  in  the  atmosphere 
also  shows  a  continuous   spectrum  underlying   the  bright 
lines  which  are  due  to  oxygen,  hydrogen  and  nitrogen.     It 
is  probable  that  this  continuous  spectrum  is  due  to  water 
vapor.     The  various  spectra  of  lightning  obtained  by  differ- 
ent observers  are  due  to  different  amounts  of  water  vapor  in 
the  air. 

Here  is  the   water-vapor  spectrum  combined  with  air 
lines  (Fig,  207),  the  sludy  of  which  led  me  to  these  experi- 
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ments  with  electric  sparks  above  and  below  the  surface  of 
the  water.  It  consists  of  a  continuous  spectrum  with  marked 
bands  and  collection  of  fine  lines,  which  are  collected  to- 
gether»  especially  in  the  blue  and  violet  parts  of  the  spec- 
trnm,  which  is  represented  in  the  accompanying  photos^raph. 
I  have  said  that  it  was  necessary  to  be  careful  with  the 
employment  of  powerful  sparks  beneath  the  water  or  oi!  in 
glass  tubes  smaller  than  2  inches  in  diameter.  The  glass 
is  immediately  shattered  by  an  explosion  which  is  nut  due 
to  heated  air  suddenly  expanding.  I  am  inchned  to  at- 
tribute the  explosion  to  the  combination  of  hydrogen  with 
bubbles  of  air  or  oxygeu.  The  dielectric  is  filled  with  a  fine 
cloud  of  gaseous  particles.  When  the  surface  of  the  water 
is  covered  with  a  thin  film  of  oil,  the  water  immediately, 
under  the   effect  of   the   electric  discharge,  becumes  opai- 
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escent  and  remains  so  for  weeks.  Thus  we  have  an  inter- 
esting case  of  troubled  solutions.  It  seems  to  be  an  electric 
emulsion  formed  by  the  liberation  of  extremely  minute 
particles  of  gas  or  air  which  become  coated  with  oi!  and  we 
thus  have  a  medium  filled  with  millions  of  minute  soap 
bubbles. 

In  Fig.  207  the  broader  spectrum  is  that  of  water  vapor  and 
air  lines  in  the  blue  and  violet.  The  narrower  spectrum  is 
that  of  the  corresponding  regions  of  the  sun's  spectrum. 
The  photograph  was  taken  with  a  Rowland  concave  grating 
and  is  therefore  normal. 

The  explosion  is  analogous  to  that  of  a  dust  explosion, 
with  minute  bubbles  of  gas  instead  of  minute  particles  of 
carbonaceous  matter  submitted  to  quick  combustion.  It 
may  be  that  the  report  of  lightning,  apart,  of  course,  from 
the  rolling  of  the  thunder,  15  due  to  the  explosion  of  the  dis- 


4»a 


EXFERtMEKTAL  liCIEXCE— APPENDIX. 


ifidJtt«4  ga4  particles.  When  lightning  exhibits  a  zigzag 
paili,  it  occurs  in  low  regions  of  the  atmosphere,  certainly 
bt'low  fi  thousand  feet*  Us  spectrum  will  therefore  show 
I  lie  indmaiy  atmospheric  lines  with  a  continuous  spectrum 
untierlyingi  which  is  intensified  where  the  hydrogen  and 
aipU'Oii$  lines  occur^  as  seen  in  the  accompanying  photo* 
yrajih*  Thn  hydrogen  lines  arc  very  broad.  When  thedis- 
i  liargc  is  above  a  thuusand  feet  it  loses  its  zigzag  character, 
nud  with  the  same  voltage  as  in  lower  altitudes  can  be  of 
great  leiigli.  At  htill  higher  reginns  we  have  the  aurora. 
Wiittr  vup(ir  plays  a  cimtroUing  part  in  all  these  phases  of 
lit^'htuing, 
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AULK  FOR  A  SMALL  SWITCHBOARD. 

BY  NKVIt^  MOMROE  HOPKINS* 

Dynamo  and  motor  tending,  unaccompanied  by  suitable 
meat)?i  U»r  reuiling  the  voltage  value»  current  strength,  and 
power*  whether  iur  connnercial  or  experimental  purposes^ 
i*Lices  the  electrician  in  charge  of  a  machine  in  an  inefficient 
V,  when  not  in  an  altogether  impossible  role.  As  an 
.  .  .  ^  vUiving  eiiuipment  for  the  numerous  small  motors 
and  generators,  the  working  drawings  and  designs  of  which 
are  to  be  (<.Huid  iti  the  columns  of  the  various  technical 
|>criodicals.  the  little  indicating  instruments  described  for 
construction  in  the  following  pages  are  primarily  intended. 
W'uh  a  sensitive  voltmeter  placed  across  the  feeders  of  one 
A>;  these  small  machines,  the  speed  of  its  armature  can  be 
*•  i observed  **  and  held  constant,  and  with  a  delicate  ammeter 

1 J  lided  in  its  circtiil,  the  very  pulse  of  the  machine  out  he 

kit  *'  at  any  instant  of  its  performance. 
It  is  with  the  wish  of  assisting  those  who   have  con- 
*^tructed    electrical  machinery   on  a  small  scale  that  the 
writer   --      ^  -^       "^  "         i^  directions  fur  mak:    ^       "    ' 
itirmsu.  -,  1  cuts,  and  gives  instrii 

Iheir  calibration  and  care.     Instniment  making  ret{tsires 
.       ^  '  rable  skill    ;    '  '        ^  \        .'  *        ,    ^    - 

eels  that    :  —  -      -     . 
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as  possible,  in  order  that  the3-  will  coincide  at  the  poles 
when  bolted  together.  Any  slight  overlapping,  of  course, 
is  not  serious,  for  the  boring  out  on  the  lathe  after  the  two 
mag-nets  are  firmly  bolted  together  reduces  all  vital  irregu- 
larity, cutting  the  cyHndrical  opening  from  the  two  thick- 
nesses of  steel  absolutely  true. 

The  magnets  are  now  placed  in  a  charcoal  furnace  one 
at  a  time,  and  are  raised  to  a  cherry  red  heat,  and  allowed 
to  cool  slowly  in  a  less  intense  portion  of  the  tire.  This 
annealing^  is  necessary  in  order  to  allow  c^f  the  cutting  out 
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Front  and  Side  View  of  SmaH  Switchboard  Ammeter,  Showing  Side  io 
P^riial  Section, 


and  drilling  for  the  bults  and  screws,  as  the  magnets  are 
made  from  excelient  hard  steel,  and  when  tempered  are 
worked  with  the  greatest  difficulty,  if  they  can  be  worked 
at  all.  Having  drawn  the  temper,  and,  of  course,  in- 
cidentally the  magnetism,  the  coring  and  drilling  of  the 
steel  is  a  very  easy  matter.  It  will  be  observed  that  the 
poles  are  separated  by  a  very  small  gap,  in  some  6-inch 
magnets  only  about  J  inch.  In  order  to  make  a  sufficiently 
large  lathe  cutting  for  the  movable  coil  of  wire  without 
boring  away  the  best  portion  of  the  steel  at  the  poles,  they 
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must  be  separated  through  a  distance  of  at  least  -§■  inch^ 
This  reason  will  be  made  clear  by  a  glance  at  the  figures 
illustrative  of  the  bored-<:)ut  magnet.  This  separating  is 
easily  accomplished  by  placing  the  magnets  in  a  vise  in  the 
manner  indicated  in  Fig.  211* 

The  poles  are  placed  directly  against  one  jaw  of  the 
vise,  and  an  iron  rod  is  slipped  in  between  them  in  such  a 
way  that  it  rests  against  the  second  jaw.  By  holding  this 
rod  firmly^  and  keeping  it  in  a  vertical  position,  when 
screwing  up  the  vise*  the  pole  pieces  can  be  forced  apart  to 

Fig.  2it. 
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Method  of  Separating 
Magnet  Poles, 


Horseshoe  Magnet  Bored 
Out  and  Drilled. 


almost  any  desired  extent.  Having  spaced  the  poles  just 
f  inch  on  each  magnet,  they  are  carefully  pUiced  together 
in  a  smatl  hand  vise,  and  firmly  clamped  for  drilling.  The 
position  of  the  holes,  which  are  just  j%  inch  in  dianieterp 
with  the  exception  of  the  two  small  ones»  is  shown  in  Fig. 
212.  The  upper  holes  arc  just  li  inches  from  the  pole  tips 
carefully  measured,  and  the  third  hole  is  drilled  through 
the  center  of  the  curving  portion  as  shown.  At  an  exact 
distance  oi  4I  inches  fnim  the  poles  are  drilled  the  two 
smaller  holes  which  are  to  receive  the  screws  of  the  scale 
plate. 
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Having  completed  this  drilling,  temporary  iron  bolts 
must  be  put  in,  and  their  nuts  turned  firmly  on,  holding  the 
magnets  securely  together  for  the  boring  out  on  the  lathe. 
This  boring  or  circular  opening  must  be,  as  indicated,  just 
1^  inches  in  diameter,  and  is  cut  with  a  regular  boring  tooU 
with  the  work  bolted  on  a  lathe  face  plate.  The  magnets 
must  be  so  placed  on  the  face  plate  that  the  Hmit  of  the  cir- 
cular cutting  just  reaches  the  pnles^  leaving  no  mass  of 
metal  there  for  the  lines  of  magnetic  force  to  leak  between. 
We  can  now  remove  the  work  from  the  lathe,  but  before 
taking  the  magnets  apart^  they  must  be  marked  with  a  file 
in  order  that  they  may  be  reassembled  correctly  tiiicr  tem- 
pering and  magnetizing.  They  are  now  placed  separately 
in  the  fire  for  the  second  time,  and  raised  in  temperature  to 
a  full  cherry-white  color,  and  plunged  immediately,  poles 
downward,  into  a  large  pail  of  ice-cold  water.  This  most 
efTectually  replaces  the  temper,  making  the  steel  so  hard 
that  it  is  not  possible  to  work  it  afterward,  and  it  is  for  this 
reason  that  the  holes  for  the  bolts  and  scale  screws  must  be 
very  carefully  and  accurately  located  beforehand. 

In  order  to  replace  the  magnetism,  it  is  only  necessary 
to  draw  the  magnets  separately  over  the  poles  of  a  power- 
fully excited  electromagnet.  The  horseshoe  magnet  is 
allowed  to  strike  the  poles  of  the  electromagnet  with  some 
little  force  about  midway  up,  when  it  is  drawn  backward 
and  pulled  away.  This  process  is  repeated  about  a  dozen 
times  with  each  magnet,  and  the  two  are  finally  laid 
together,  with  their  like  pole?,  of  course,  in  contact.  The 
electromagnet  is  best  made  for  and  operated  with  an 
electric  lighting  current,  and  will  prove  a  most  useful 
addition  to  any  experimental  shop.  The  iron  cores  of  this 
magnet  should  be  at  least  i  inch  in  diameter,  and  be  pro- 
vided with  bobbins  or  spiMjls  sufficiently  large  to  hold  the 
proper  length  of  wire  of  the  right  resistance  to  be  con- 
nected direct  with  the  electric  circuit.  As  the  most  simple 
application  of  Ohm's  law  in  combination  with  the  carrying 
capacity  of  a  given  wire  and  its  resistance  suffices  for 
making  electromagnets  of  all  sizes,  it  is  not  deemed  neces- 
sary to  give  the  space  here  to  detailed  directions  for  dif- 
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fereni  wires  and  lighting  pressures,  because  of  the  un- 
dtiubted  ability  c>f  the  reader  to  desa^  and  make  just  ^rhat 
he  needs  in  this  iine  hiisseli. 

Having  the  ma^ets  dniied.  K'-red.  iemj:«ered.  and  mag- 
neiired  i^  such  aa  eaaeni  thai  they  iriU  iffi  two  or  three 
t:n:ies  their  weight.  \rh:ch  is  readily  acc«>3iplished  if  the 
tiec:r«.i::aai:T;et  u>ed  was  j>c*TrerfiiiI!y  exciied.  we  can  lay 
then:i  as:  je  : -r  the  -  reserit.  and  tike  up  the  work  which  re- 
c:::res  the  greatest  cire  and  anen:ic«n-  This  wi>rk  cc^sasists 
wir.iin^  the  lin^e  inO'vaVe  C'x!.  azsd  in   r-ro- 
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it  with  its  steel  ':-:v\>:sw     The  friz:^ 


i'j'.y  -A  i^sulitir.c  nj-terij...  iz  crirr  t.^ 
r--  t  irr?tic-is  j.r.  i  s\.  n  cirj-jits.  The  zz^- 
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Titr.  a  st^-  strdi^TL   --.i^-e.  rrr-ni  a  snr  visitns: 

j:  5  :".".--LStrj.t-j>  th-j  s::"L--Lc::y  .jt  nLjiinu^. ihe  t'-vo 

■jtti-^  'r^t «.  ut  j-ccuratcly  t  :•  size,  as  sh-.^^a  at  A. 

'ii:z.t:i<i  >is  are   r::j.rk^'i  'ji  the  diJ^rdin  ia  tnc- 

'.:  L' :h.     At  B  -v-  !.-:j.v.e  s::tiv'.y  a.  Little  frinie  bemt  to 

: .  r  ^:•:.i^.^c  "let^vH-:-:!  the  t^v- .  cj.t-*;ut  frdnes.  which  g:ive 

':  srl^-ir-ff   arii  strer.^'n   :i>  s-  «"ri   as   put   In  c.-m- 

'.     A:  C  --r  '-..iv^:  t^-e  tm:'!:  :^  o  .:r:y>t~.  Looking  at 

■   ::?  .:\-.*:r  -t-i^-v.     T"^.r  u:lu:r^  :  ■:^':::\-:r  niust  be  very 

:  . -.T.  ar. .:   :.'■:-  -v    r'c   r'-.ist  *?e  abs-liiCe'.T  true  when 

: •  J       > j  V- :•  r.:.  1   :■  -a :  f    ■ "    •  ■  r.L :-  ^jj    < he  1  lac    ni ust    n- :•  \v  re 

•;.  :  .  f :  i  r  ir  i  ■  -.it.  a-  .:  -v'-'in  bard,  a  tiniv  hole  is  drille-i 

^  -  1 "  :  -J  *.- '.  •-:  -  !  J -": -  "^ -I ■ '  -i  ■- •  "■  r* I e r  a <  sh- ^  wn  in  the  n ^u re 

7'-  .  :'-■:"•;;  •-  :!"V  ..i-'a:»^'t'.i  f-^r  ^vindinif  -.vith  its  rine 

v/:-:-::-.   i<  >:-. -r. '/•■:: nit nt.v  tn wanted  t^.ir  rev'.uvin^c  ia  the 
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lathe  as  indicated  in  Fig.  214,  Here  we  have  an  edge  view 
of  the  little  bobbin  at  D,  mounted  between  the  two  nuts, 
E  E,  on  the  bolt,  F,  which  is  held  in  the  chuck  f>f  the  Uithe. 

We  now  come  to  the  choice  of  wire  and  the  windings 
which  must  be  governed  by  the  voltage  of  the  machine  with 
which  the  voltmeter  is  to  be  associated*  We  have  on  this 
little  frame  a  space  available  for  wire,  J  inch  wide  by  a 
trifle  less  than  i  inch  in  height,  we  will  say  y^\  of  an  inch, 
^  of  an  inch  being  subtracted  because  of  the  thickness  of 
the  inner  cardboard  framing  which  is  glued  against  the  two 
outer  pieces,  and  encroaching  upon  their  width  to  this  ex- 
tent. The  voltage  most  frequently  met  with  is  J 10,  with  a 
maximum  rise  to  about  125,  Therefore,  the  instrument  de- 
scribed is  best  wound  to  indicate  between  o  volts  and  125, 
including,  in  the  ojiinion  of  the  writer,  nearly  all  the  small 
machines  described  for  construction,  whether  for  power, 
lighting,  or  experimental  work.  As  this  voltmeter  is  in- 
tended for  switchboard  Wfsrk,  it  must  he  capable  of  re- 
maining across  the  feeders  of  a  current  differing  in  potential 
by  no  volts  constantly  without  heating  up  or  absorbing 
any  appreciable  amount  of  ihe  current. 

In  order  that  it  ma}'  indicate  without  being  wasteful, 
it  must  possess  a  very  high  resistance,  allowing  only  about 
0.02  ampere  of  current  to  pass  through  its  coils  as  the  mayi- 
mum.  We  must»  therefore,  choose  a  very  fine  wire  for  the 
bobbin,  putting  as  much  on  as  possible  without  bulging  out 
bey«)nd  the  sides  of  the  little  frame,  and  wind  in  addition  on 
a  resistance  spool  sufficient  wire  to  shut  out  all  current  flow 
with  the  exception  of  about  0.02  ampere.  We  will  require 
for  the  purpose  of  winding  both  coil  and  stationary  re- 
sistance spool  2^  ounces  of  No.  40  single  silk-covered  wire. 
This  fine  wire  is  constantly  weighed  out  on  coarse  or  large 
scales,  the  weight,  and  consequently  the  resistance,  of  th^ 
wire  being  only  approximate.  In  addition,  the  purity  of 
copper  in  wire  varies,  and  in  some  instances  the  gage,  so  it 
is  wise  to  connect  the  wire  across  the  feeders  of  a  i  lo-volt 
circuit  before  removing  from  the  spool  it  was  bought  upon. 
The  wire  should  warm  up  very  Httle,  in  fact,  to  a  scarcelv 
noticeable  degree,  and  when  placed  in  circuit  with  a  delicate 
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Amnieter  should  allow  only  0.02  ampere  of  current  to  flow^ 
of  course,  at  the  maximum  pressure  with  which  it  is  to  be 
used.  If  the  current  absorbed  by  the  spool  is  too  great, 
more  wire  must  be  obtained  and  wound  on ;  if  the  current 
taken  falls  short  of  0,02  ampere,  some  of  the  wire  must  be 
removed.     By  making  this  test  one  cannot  go  astray. 

The  question  is  simply  this:  It  requires  at  least  this 
amount  of  wire  to  offer  sufficient  resistance  to  the  high 
vuUage  current  to  shut  out  ail  but  0,02  ampere,  which  is 
the  maximum  carrying  capacity  of  the  wire  itself.  As  much 
of  this  quantity  as  possible  must  be  placed  on  the  movable 
bobbin  and  the  remainder  must  be  wound  on  a  spool  and 
included  in  scries.  This  wire  is  extremely  fine  and  is  to  be 
handled  with  great  care*  In  the  first  place  do  not,  under 
any  circumstances*  allow  the  dealer  to  sell  the  wire  wound 
on  anything  but  a  smooth  wooden  spooL  Small  wire  is 
sometimes  wound  on  a  card  or  roll  of  paper  for  the  pur- 
chascr,  and  should  on  no  account  be  accepted  in  this  con- 
dilioQ.  To  attempt  to  handle  wire  of  this  size  from  any- 
thing but  a  spool  will  surely  result  in  great  delays,  and  the 
loss  of  the  major  portion  of  the  material  through  kinking- 
mod  tangling. 

Having  mounted  the  little  framing  on  a  bolt»  as  in- 
djcated,  and  placed  the  same  in  the  lathe  chuck,  we  are 
ready  to  fill  it  with  the  insulated  wire.  The  reader  must 
expect  to  cxcrdsc  much  patience  here,  and  give  a  good 
deal  of  time  and  attention  to  the  smooth  lajring  on  of  the 
bycrsL,  The  winding  commences  from  the  scnall  hole  in 
the  cardboourd  frame,  and  the  lathe  is  run  away  from  the 
operator*  or  clockwise  when  facing:  the  chuck.  This  wire 
is  so  hne  that  it  should  not  be  made  to  pass  out  of  the  little 
bole  unprotected,  as  it  is  sure  to  br»Lk  off  and  necessitate 
tewindinf  just  as  the  coil  is  finished.  In  order  to  give  it 
proper  prolectioiu  its  end  is  attached  to  the  end  of  a  short 
pieoe  of  No.  32  wire,  which  is  bro«q^t  out  and  wi^ped 
arattod  tlie  bolt  tempoiarflT,  prior  to  attaching  to  the  iipper 
pkot  of  the  coiL  In  atta^ing  this  No.  40  wire  to  the  No. 
^  the  two  are  twisted  togedier,  and  solder  is  made  to  tow 
bjr  ttcans  of  a  jeweler  s  solderii^  copper.    Use  no  aim 
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chloride  or  other  currosiv^e  fluid  on  small  wire,  as  it  rapidly 
corrodes  it  away  after  completion.  A  little  resin  is  safe, 
and  should  be  applied  finely  pulverized.  The  No,  32  wire 
is  wrapped  around  the  bobbin  once  or  twice  in  order  to 
take  all  strain  off  the  finer  wire.  We  can  now  proceed 
slowly,  putting  as  many  layers  on  evenly  as  possible,  that  is. 
in  perfect  layers.  It  will  not  be  possible  to  put  them  all  on 
in  layers,  but  as  many  as  possible  should  be  put  on  in  this 
order  before  the  lathe  is  run  more  rapidly,  and  wire  simply 
fed  on  back  and  forth.  A  tiny  hole  should  be  made  on  the 
outer  corner  of  the  little  frame  when  the  coil  is  complete* 
and  the  wire  drawn  directly  out.  Should  it  break  off  here, 
it  is  not  a  serious  matter,  but  should  it  break  below,  a  re- 
pair is  a  very  difficult  thing  to  make. 

We  can  now  remove  the  work  from  the  lathe,  and  pro- 
vide the  coil  with  little  brass  plates  for  the  reception  of  the 
steel  pivots.  The  scheme  of  attaching  the  pivots  and  their 
plates  is  illustrated  in  Fig.  2 15.  The  little  coil  is  represented 
complete  at  G,  with  the  top  and  bottom  plates  bound  in 
place  with  silk  thread.  At  H  we  ha%^e  an  end  view  with  a 
single  lajxr  of  wire  wound  on  merely  to  show  the  con- 
nections, which  are  very  simple,  one  end  of  the  coil  going; 
to  the  upper  plate,  where  it  is  soldered,  and  the  other  end 
going  to  the  bottom,  where  it  is  attached  in  the  same  man- 
ner. At  I  we  simply  have  the  little  plate  drilled  nut  to  re- 
ceive the  pivot.  The  pivots  are  cut  from  steel  ri>d  i  inch 
in  diameter  and  f  inch  in  total  height.  The  little  brass 
plates  into  which  the  pivots  are  to  be  soldered  are  ^^^  inch 
thick,  leaving  the  point  of  the  pivot  ^^  inch  above  the  sur- 
face of  the  plate. 

These  pivots  are  drilled  through  with  small  holes  as 
indicated,  and  turned  tu  fine  cones  in  the  lathe  by  means  of 
a  very  sharp  and  fine  tool.  The  work  on  these  must  be 
perfect,  and  if  the  first  attempt  does  not  bring  true  and 
smooth  cones,  a  second  set  must  be  made.  They  are  now 
held  in  the  flame  of  a  Bunsen  burner,  and  heated  to  bright 
redness,  and  plunged  into  a  vessel  of  mercury,  which  makes 
them  extremely  hard.  Two  little  brass  plates  are  now  cut 
from  brass  ^  inch  in  thickness,  and  filed  to  just  cover  the 
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iipper  and  lower  erl^e^  of  the  little  frame  respcctiTely,  by 
rej^t in^  upon  them,  Hole^  are  drilled  throug-h  exactly  in 
the  Cf'utfir^  with  a  f^nch  drill,  and  the  little  pivots  pressed 
in,  Th^*y  mu<it  F^  aP/^olutely  in  line  before  proceeding, 
whirh  can  only  }>c  expected  as  the  result  of  accurate  and 
<;killfiil  workmanship.  Before  soldering  in  position  the 
\\U\r  pivots  should  h<:  [lolished  b)'  revolving  in  the  lathe, 
arifl  hy  applying  the  finfrst  meal  emery  on  cloth. 

The  little  [elates  with  their  respective  pivots  are  firml}' 
bound  on  the  framing  with  silk,  as  illustrated  at  G,  the 
cornrrs  of  the  brass  brin^  filed  smooth  before  winding  on 
tlir  silk  to  prevent  its  bcinj^  cut.  The  ends  of  the  coil  are 
now  securely  soldered   to  the  brass  plates,  and  the  whole 
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3i>i\  <Mi  a  c*>od  K\\\\  of  orauire  shellac  to  keep  out  all  moisture, 
\\luvh  is  liahlo  to  warp  the  coil  in  tinu\  should  this  pre- 
caution ho  otuitted.  Wo  aro  now  ro;uiy  for  makins:  the 
Irai^To  o1  l^rass  w  luoh  holds  tho  littlo  movable  oiv;i.  This  is 
V  111  vmt  by  nuwns  of  a  hack  s,uv  from  a  solid  plate  of  brass  -J 
T^vh  thick,  ant?  b.as  xhc  dimensions  and  form  as  given  in 
1-;j;    ^■::\      V'vis  Ivar.io  is  :u\nA  sniOiMhcd  off  with  a  firiC  fiat 
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vvv^\ivu\?  with  a  hardened  siec] 
:  vVi\i:\-  ;-ii  its  end  for  ihe  re- 
;''Ac:sof  the  Oiviu  This  screw 
;M  Jl.vc.id  is  sociirdy  locked  in 
;,<  shv'wn, 

c  C'lc  c!  :h:s  screw  ■!>  cc*i3Ter>- 
::^;-  ;::•:/:  \v::h  ;;  sm;i!'  iwist  drill 
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before  hardening  in  mercury  as  in  the  case  of  the  conical 
pivots.  The  angle  at  the  apex  of  the  sunken  cone,  or 
conical  cutting,  should  be  a  trifle  larger  than  the  angle  at 
the  apex  of  the  cone  on  the  pivot  to  prevent  friction.  In 
other  words,  the  angle  of  the  cutters  on  the  drill  must  be 
more  obtuse  than  the  angle  at  the  apex  of  the  little  pivot. 
In  this  manner  we  will  have  the  muvable  coil  suppurted 
simply  by  hardened  points  in  tiny  hardened  seats.  At  the 
left  of  the  frame,  at  K,  we  have  a  little  hardened  block  of 
cast  steel,  also  provided  with  a  little  cunical  cutting  for  the 
reception  of  the  other  pivot,  This  steel  block  is  forced 
into  a  groove,  cut  in  a  piece  of  vulcanite,  L,  which  in  turn 
is  forced  into  a  cutting  in  the  brass  frame.  A  little  shellac 
applied  before  forcing  in  place  insures  a  permanent  liokL 

The  exact  size  of  the  steel  block  and  vulcanite  insulation, 
of  course,  does  not  matter  so  long  as  the  distance  of  the 
conical  seat  from  the  back  is  f  inch.  The  space  denoted  by 
X  is  variable  because  of  the  screw  serving  for  the  adjust- 
ment. The  portion,  M,  is  an  edge  view  of  a  soft  iron  cylin. 
drical  core  held  in  place  from  a  bcjlt  at  the  back.  The  little 
hfjilovv  coil  moves  about  this  core  without  contact  with  it. 
This  C(ire  is  shown  in  position  at  O  in  the  front  view  of  the 
completed  voltmeter,  Fig.  209.  We  must  now  provide  a 
second  piece  of  vulcanite,  N,  Fig,  216,  which  is  screwed 
against  the  brass  framing,  and  which  carries  a  small  bind- 
ing screw.  Small  brass  screw  bolts  with  tiny  nuts  may  be 
had  which  make  these  attachments  very  easy.  The  coil  can 
n<j\v  be  placed  in  position  in  the  frame,  the  screw  being 
turned  until  a  most  gentle  adjustment  is  estabHshcd  when 
the  nuts  are  locked.  Care  should  be  taken  in  locking  the 
nuts,  not  to  turn  the  screw  further,  thus  damaging  the 
points  by  undue  strain. 

The  frame  is  now  to  be  bolted  to  a  brass  base  plate  sc- 
inches wide,  6}  inches  long  and  i  inch  in  thickness.  The 
bolts  are  shown  at  the  left  in  Fig.  216,  the  exact  distance 
separating  them  being  marked  on  the  brass  plate  before 
drilling  holes  for  them.  The  distance  from  the  top  of  the 
brass  plate  to  the  top  of  the  coiLsopporting  frame  must  be 
just  i  inch.     The   careful   drilling  of   these  holes  and  the 
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adjustment  of  the  frame  and  magnets  cannot  be  too  strongly 
impressed  upon  the  reader.  It  is  not  the  easiest  stage  in 
the  making  of  this  instniment  The  height  adjustment  of 
the  magnets,  regarding  the  brass  base  plate,  is  most  con- 
veniently accomplished  by  using  bolts  and  three  running 
nuts,  as  illustrated  at  P  P  in  Fig.  209. 

The  pointer  consists  of  a  thin  tapering  strip  of  sheet  brass 
to  which  is  soldered  at  the  top  a  slender  brass  wire  carrjv 
ing  a  little  sliding  weight  as  shown  in  the  first  figure  at  Q» 
both  in  the  plan  and  edge  view.  It  is  the  weight  of  this 
little  brass  cylinder  which  resists  the  turning  of  the  coil, 
and  must  be  adjusted  to  each  instrument  by  the  maker  w^hen 
calibrating.  It  must  obviously  be  placed  at  such  angle  that 
the  index  will  point  at  o  when  the  weight  is  vertical.  The 
scale  is  made  from  cardboard  glued  to  a  brass  pattern  which 
is  screwed  to  the  magnets  as  indicated*  The  scale  is  struck 
off  with  a  pair  of  compasses  set  for  a  4i4nch  radius  for  the 
center  line  of  the  reading  portion,  w^hich  is  the  length  of  the 
pointer.  The  actual  width  of  the  scale  is  i  inch,  and  the 
maximum  angular  measurement  between  the  position  of  the 
pointer  when  at  the  extreme  right  and  left  is  60°,  giving  us  a 
reading  arc  4!  inches  in  length. 

The  resistance  spool  which  is  included  in  series  w^ith  the 
wire  on  the  movable  coil  is  shown  in  position  at  R  in  both 
views  of  the  finished  instniment  Connections  arc  made  be- 
tween the  pivots  of  the  movable  coil  and  the  binding  screws 
on  the  frame  by  little  spiral  pieces  of  No,  40  bare  copper 
wire,  as  indicated  at  S  S,  which  are  firmly  held  in  the  holes 
of  the  pivots  by  a  little  wedge  and  the  end  of  the  pointer 
respectively.  These  tiny  wires  should  have  an  easy  bend  of 
ctmsiderable  radius,  and  should  not  be  touched  after  the  in- 
strument is  once  adjusted,  for,  although  they  are  of  the  finest 
character,  they  exert  a  little  spring  force  on  the  moving  of 
the  pointer,  and  if  they  are  not  touched  or  bent  after  the 
first  setting  their  effort  on  the  moving  coil  will  be  constant. 
The  instrument  is  now  ready  for  testin^^  and  calibration  and 
can  be  made  to  read  true  volts  direct  or  indicate  any  arbi- 
trary potential  values.  For  this  it  is  only  necessary  to  divide 
the  scale  into  equal  parts.     For  true  volts,  however,  it  is 
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necessary  to  compare  the  instrument  with  a  standard  volt- 
meter. 

It  is  assumed  that  the  reader  wishes  a  complete  instru- 
ment for  direct  volt  values,  and  that  he  can  have  the  use  of 
a  standard  instrument  for  the  purpose  of  comparing  the 
readings.  Both  the  standard  and  the  instrument  we  are 
making  are  placed  across  the  terminals  of  a  dynamo  and  the 
machine  started,  its  armature  being  driven  until  the  ob- 
server knows  that  both  voltmeters  are  properly  connected 
and  observes  the  indicators  moving  over  their  respective 
scales.  The  dynamo  is  now  speeded  up  until  the  standard 
indicates  125  volts,  when  the  little  brass  weight  on  onr  in- 
strument is  so  adjusted  that  our  instrument  also  indicates 
125  volts.  The  weight  of  the  little  brass  cylinder  can  here 
be  determined  by  actual  experiment  in  connection  with  its 
own  individual  instrument,  which  is  far  more  accurate  than 
written  directions  can  be  which  are  based  upon  another  in- 
strument. 

The  fields  of  the  dynamo  are  now  gradually  weakened 
by  turning  the  resistance  of  rheostats  in,  and  the  scale  of 
the  voltmeter  is  marked  off  to  agree  with  the  readings  on 
the  standard  as  the  voltage  gradually  falls.  The  voltage 
will  not  fall  to  o  with  this  method,  of  course,  but  will  drop 
below  the  readings  at  which  the  instrument  will  prove  most 
useful  on  the  switchboard.  To  get  the  lower  readings  the 
machine  is  started  up  from  a  state  of  rest  with  both  volt- 
meters connected  across  its  terminals  and  the  rise  in  poten- 
tial closely  noted  on  the  standard  and  marked  on  the  scale 
of  the  instrument  undergoing  calibration.  The  processes 
should  be  repeated  a  number  of  times,  going  backward  and 
forward,  upward  and  downward  on  the  scale  until  the  values 
are  fixed  beyond  doubt  and  the  readings  of  our  instrument 
agree  with  the  readings  of  the  standard  at  every  point.  A 
carefully  and  skillfully  constructed  instrument  as  described, 
when  adjusted  and  calibrated  in  this  manner,  will  indicate 
very  slight  differences  in  potential  from  o  to  125  volts. 

It  now  remains  to  case  the  instrument  to  keep  out  dust 
and  dirt,  and  to  screw  it  to  a  heavy,  firm  back  board,  to 
gether  with   the   necessary   switches,  lamps   and   cut-outs-, 
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leaving  room  to  the  right  for  its  sister  indicator,  the  am- 
meter,  which  we  will  now  take  np  for  construction.  The 
ammeter  Avhich  is  illustrated  in  its  completed  state  in  Fig.  210 
is  much  simpler  in  construction  and  operation  than  the  volt- 
meter, and  with  the  first  instrnment  complete,  the  work  on 
the  ammeter  can  be  carried  on  with  comparative  ease*  The 
foundation  of  the  ammeter  consists  of  a  brass  plate  i  inch 
thick  by  4^  inches  in  width  and  6J  inches  in  height*  To 
this  firm  bed-plate  is  attached  the  solenoid,  T,  and  the  mova- 
ble iron  tongue,  U,  supported  by  pivots  in  the  brass  frame, 
V*  The  solenoid  is  m:ide  by  winding  insulated  wire  of  large 
gage  on  a  brass  spool  which  is  attached  to  the  back  plate  by 
means  of  bolts  soldered  to  the  top  and  bottom  of  the  flanges. 
Fig.  217  will  make  the  method  of  attaching  clear,  which  giv^es 
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Design  of  Spool  for  Ammeter 
Sotenold. 
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Position  of  Movable  Tongue  in 
Relation  to  Spool* 


alsn  the  dimensions  of  the  spool.  The  center  portion  simply 
consists  of  a  thin  brass  tnbe,  upon  which  are  soldiered  two 
turned  rings  of  the  same  material,  giving  us  a  spool  with  J 
inch  tlanges. 

It  is  to  these  rings  or  flanges  that  the  little  bolls  are  sol- 
dered, iurnishing  a  most  convenient  way  of  holding  the  spool 
rigidly  against  the  back  plate  indicated  in  dotted  lines  at  W. 
The  soft  iron  tongue  must  now  be  made,  wdiich,  w^ith  its 
pointer,  constitutes  the  movable  portion  of  the  instrument. 
Fig.  21 S  illustrates  the  exact  form  of  this  tongue  and  its  rela- 
tion  to  the  inside  of  the  spool,  which  is  drawn  in  section,  the 
two  extreme  positions  of  the  tongue  being  shown  at  X  and  Y 
respectively.  This  tongue  must  be  built  up  from  sev-eral 
thicknesses  of  soft  Russian  iron,  thoroughly  annealed.     Be- 
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fore  describing  the  method  of  making*  a  few  words  regard- 
ing the  exact  pattern  of  the  tongue  are  necessary.  This 
tongue  must  enter  the  solenoid  as  illustrated  in  the  figure, 
and  occupy  its  center  when  at  the  extreme  position  as  indi- 
cated in  tlotted  lines  at  Y. 

In  order  to  get  this  movement  without  the  tongue  and 
spool  coming  in  contact,  the  tongue  must  be  of  peculiar 
shape,  and  Fig.  219  has  been  jjrepared  to  enable  the  reader  to 
exactly  reproduce  it.  Here  we  have  simply  two  centers,  one 
on  the  horizontal  line,  A  B,  about  which  a  circle  is  described 
with  a  i|-  inch  radius,  and  one  on  the  oblique  line,  C  D,  about 
which  a  second  circle  is  described,  but  with  a  J^^^inch  radius. 
The  angle  formed  at  the  intersection  of  the  two  lines  is  14*^ 
and  the  distance  apart  of  the  two  centers  on  the  oblique  line 
is  f  of  an  inch.  By  following  these  measurements  with  care 
one  cannot  go  astray  in  cutting  a  pattern  for  the  tongue,  A 
sufficient  number  of  thin  iron  sheets  must  be  cut  accurately 
to  the  pattern  with  shears  to  make  a  tongue  about  i  inch 
thick  when  laid  together. 

The  different  thicknesses  are  held  firmly  packed  by  tiny 
bolts  and  nuts,  as  shown  in  the  edge  view  in  Fig.  210,  and  in 
the  front  view  at  Z  is  to  be  seen  a  little  bolt  head  answering 
the  double  purpose  of  clamping  the  ends  together  and  of 
affording  means  for  balancing  the  tongue  and  pointer.  It 
will  be  readily  seen  that  a  small  mass  of  lead  can  be  attached 
here  without  making  contact  with  the  spool  when  the  tongue 
is  drawn  into  it.  The  little  bolt  must  be  of  iron  in  this  case 
to  replace  the  iron  which  has  been  removed  from  the  tongue 
in  drilling  the  hole,  in  order  that  the  gradually  increasing 
mass  of  the  metal  shall  not  be  diminished  slightly  at  this 
point.  The  head  of  the  bolt  must  be  thinned  down  with  a 
file,  and  the  screw  end  must  be  provided  with  a  brass  nut  in 
order  not  to  increase  the  mass  of  iron  at  this  point,  hi  this 
way  we  have  drilled  *»ut  a  portion  of  the  tongue  and  replaced 
the  iron  very  accurately,  affording  means  for  clamping  un- 
der the  nut  little  lead  washers. 

The  pivots  in  the  ammeter  consist  simply  of  a  piece  of  the 
steel  as  used  for  the  pivots  of  the  voltmeter,  cut  to  length 
and  turned  off  with  a  little  cone  at  each  end.     The  pivot 
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shank  is  forced  into  a  hole  drilled  for  it  in  the  tongue  and 
sccttrely  soldered  in  place,  exercising  the  greatest  care  to  get 
it  in  perpendicular  to  the  plane  of  the  surface  of  the  tongue. 
This,  of  course*  is  greatly  simplified  if  the  hole  in  the  tongue 
has  been  drilled  in  with  the  drill  perpendicular  to  begin 
with*  We  can  now  devote  our  attention  to  the  brass  frame 
which  is  illustrated  in  Fig.  220,  together  with  dimensions. 
This  is  sawn  from  plate  brass  similar  to  that  used  for  the 
frame  of  the  voltmeter,  being  simpler  to  niake,  as  the  hard- 
ened steel  block,  E,  is  soldered  in  a  cutting  in  the  brass  of 
the  frame  direct,  as  there  is  no  need  of  insulat/ng  the  pivot 
in  the  present  case.  We  have  at  the  right  a  screw,  F*  locked 
in  place  by  the  same  kind  of  nuts.  All  the  precaL^tions  of 
turning  the  cones  with  a  smaller  angle  at  the  apex  thari  the 
an^le  formed  at  the  apex  of  the  sunken  cone  by  the  cutt'i^rs 
of  the  twist  drill,  in  cutting  the  scat  in  the  little  steel  block^ 
must  be  exercised  here  again,  and  equal  attention  must  be 
given  to  the  mi>st  careful  adjustment. 
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Method  of  Drawinjt  Pauern 
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Dimensions  of  Frame  for  Sus- 
pension of  Moving  Parts. 


Before  winding  the  spool  with  its  wire,  we  must  pul  the 
instrument  together  and  jjirovideit  with  its  scale  and  pointer 
aiul  the  insulating  blocks  of  hard  rubber  for  the  binding 
screws  as  illustrated.  The  scale,  which  is  exactly  like  that 
of  tlie  Voltmeter,  is  mounted  upon  a  couple  of  little  brass  col* 
umns  1 1  inches  in  height,  in  order  that  the  plane  of  the  scale 
and  pointer  shall  be  the  same  in  both  instruments^  which 
af/apfs  them  to  similar  cases  with  the  same  sized  scale  open. 
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ings.  The  upper  portion  of  the  brass  frame,  V,  in  Fig.  210 
must  be  placed  i  inch  from  the  top  of  the  brass  back  plate,  as 
in  the  case  of  the  voltmeter,  and  the  pointer  of  the  movable 
tongue  must  sweep  with  a  4^  inch  radius,  measuring,  of 
course,  from  the  points  of  the  pivot*  This  measurement 
immediately  regulates  the  scale  adjustment,  which  will  be 
found  to  match  the  scale  of  the  voltmeter  nicely  when  the 
instruments  are  placed  in  cases. 

Having  placed  the  brass  frame  carefully  on  the  center 
line  and  bolted  it  with  its  movable  tongue  securely  to  the 
brass  back  plate,  the  spool  must  be  mounted  accurately  in 
the  relative  pusition  to  the  tongue  as  given  in  Fig.  210.  This 
will  put  everything  in  working  order,  mechanically  speak- 
ing, requiring  now  our  attention  to  the  electrical  side  of  the 
question,  which  consists  in  choosing  and  winding  on  the 
spool  the  proper  amount  of  wire.  This  is  a  very  simple 
problem,  and  should  be  worked  out  experimentally  after  the 
wire  is  chosen.  Let  us  take  for  example  the  case  where  the 
ammeter  is  wished  to  indicate  between  o  and  15  amperes. 
We  must  consult  a  wire  table  and  learn  the  sized  wire  pos- 
sessing this  carrying  capacitv.  No.  10  has  a  capacity  of  16 
amperes,  and  consequently  is  able  to  retuain  in  circuit  con- 
tinuously with  15  amperes  flowing.  The  brass  spool  is 
wound  with  an  even  layer  of  this  wire,  experimentaUy.  and 
the  ends  brought  out  for  connection  with  a  standard  am- 
meter, which,  of  course,  is  included  directly  in  series*  The 
free  ends  are  now  run  to  the  current  supply  and  included  in 
series  with  that  too,  but  through  rheostats  or  water  boxes. 

The  instruments  are  mounted  together,  and  the  pointer 
on  our  ammeter  is  balanced  to  the  o  reading.  The  current 
is  admitted  slowly  by  immersing  the  plate  into  the  salt  water 
of  the  rheostat  until  the  standard  indicates  15  amperes. 
Where  will  the  pointer  on  our  instrument  be?  If  we  hap- 
pen to  hnve  too  many  turns  of  wire  on  the  brass  spool,  the 
pointer  will  go  ofl  the  scale ;  if  we  have  not  enough  turns 
wound  on,  the  pointer  will  not  reach  the  end  mark.  It  will 
now  tie  readily  seen  that  it  remains  to  take  wire  off  or  to  put 
more  on,  according  to  the  behavior  of  the  pointer  regarding 
the  range  of  the  scale  with  which  it  is  intended  to  work.     B^ 
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a  little  experimentation  wc  can  get  just  enough  wire  on  the 
spool  to  hold  tlie  pointer  at  the  scale  limit  or  15  araperes^for 
which  vvc  arc  designing  the  instrument,  when  the  standard 
which  is  in  direct  series,  and  consequently  receiving  the 
same  current  flow,  also  indicates  15  amperes. 

It  will  also  be  readily  seen  that  the  ammeter  can  be  made 
to  indicate  higher  values  by  simply  winding  the  spool  with 
heavier  wire  and  running  through  the  same  experiment.  Of 
course,  if  a  water  rheostat  is  not  at  hand,  the  two  instm- 
roents  ain  be  simply  included  in  series  with  a  feeder  supply* 
ing  incandesc  '  nps  and  the  instruments  ^  kiftded  wiUi. 
current''  by  ^  on  lamps  until  the  standard imticatrs^ 

tbe  maximum  amperes  for  which  we  are  adaptine^  €Murao»> 
iMter^     Fur  the  *e  it  »  a  veiy 

siMple  watter  to  ^  dks  readings^ 

on  the  scale  under  calibration.,  wbea  tbe  stamiani  mdicates 
evea  ampere  values  b  Thr  mfirnt  iIwhM 

be  iuycrea^d  and  dec  times  and  tte  fofia^ 

ers  caused  to  t  ravel  rth  over  the  scales  as  im  ebe 

Qt^^  qI  the  YoiHamti^^     Bk^^ilihaffimeter  a  -leter  silottfii 

^>w  be  provi<ited'witfe  Bbtfe*  steps  tor  the  j^  ..^.jrs  to  preveai^ 
thcQi;  from  getting  i:>ff  the  seal*:?  when  they  are  ready  for  eas- 
ily. The  ciises»  for  a|.ipeurditce.  should  be  exactly  similiwr 
qtad;  be  provided  with  little  luck  dijors  and  glass  over  the- 
scgjp^  operiiiigs.  The  bt^ttoin  portion  of  the  caijes  shouici 
mou/it  additional  pairs  of  binding  posts>  which  are  intended! 
for  connection  with  the  switchboard,  taking  all  strain  fronii 
tfh<^  little  screws  within  the  instrument  Both  instrumunls. 
Hiili;  \^  f$jundi  es^tremely  useitii  for  switKrli  board  use^  t^faalr 
dc'  euess  audi  accuracy  depending^  q(  cotuas;^ 

ui  uhe  maker. 


T31B   WBMUN3l,T   UHTERiiOPTBIi  f?OR  irWUCTIOlfs  OOIDS;. 

The  X;  rays^and  wireitjss^  tjelegraphy  have  opened  ixp-m 
wider  domain  for  the  uppliL  i  .  the  Mass<niand  Ruhm^ 

korrt  induction  ctiil,  tiie  u>e  1  up  tu  present  years  has^ 

lieent  limited  tu  laborntriry  ejtireriinents  and.  to  the  ignittuH) 
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But  the  fact  must  be  admitted  that,  in  all  the  apparatus 
liitherto  constructed,  the  interrupter  has  been  the  weak 
point,  it  having  often  proved  inadequate  to  draw  from  the 
coil  the  power  and  the  maximum  tension  that  the  apparatus 
was  capable  of  giving.  It  is  well  known,  in  fact,  that  the 
object  of  the  interrupter  is  to  convert  into  an  interrupted 
current  the  continuous  one  that  would  traverse  the  primary 
wire  of  the  coil,  if  such  an  apparatus  were  not  used.  Num- 
erous mechanical  svstems  have  been  devised  for  obtaining 
frequent  and  rapid  interruptions,  and  among  these  may  be 
mentioned  tremblers.  Unfortunately,  tremblers  giving  fre- 
quent interruptions  do  not  produce  rapid  ones,  and  those 
that  produce  rapid  ones  do  not  furnish  them  with  sufficient 
frequency.  In  such  cases  the  coil  is  not  well  utilized,  since 
the  interruption  of  slight  rapidity  reduces  the  secondary 
tension,  and  that  of  slight  frequency  allows  a  relatively 
lengthy  period  of  time  to  elapse  between  the  successive 
sparks. 

Such  inconveniences  have  made  themselves  particularly 
felt  in  radiography  through  an  increase  in  the  time  of  ex- 
posure, and  in  radioscopy  through  furnishing  macled  images 
upon  the  fluorescent  screen.  So  manufacturers  and  radiog- 
raphers were  putting  their  wits  to  work  to  devise  some  me- 
chanical arrangement  or  other  to  remedy  such  inconven- 
iences, when  Dr.  A.  Wehnelt,  a  scientist  of  Charlottenburg, 
Germany,  in  inventing  the  electrolytic  interrupter  to  which 
his  name  wMll  henceforward  remain  attached,  gave  investi- 
gators an  ideally  simple  and  practical  apparatus  which  is 
destined  rapidly  to  supplant  all  others. 

Fig.  221  represents  two  very  simple  forms  of  this  inter- 
rupter. Into  a  glass  vessel  containing  acidulated  water  of 
a  density  of  from  i.i  to  1.2  degrees  enter  a  plate  of  lead  con- 
nected with  the  negative  pole  of  the  electric  source  and  a 
glass  tube  filled  with  mercury,  to  the  extremit}^  of  which  is 
stiklered  a  platinum  wire  that  projects  a  few  millimeters  from 
the*  bottom.  The  mercury  is  connected  with  the  positive 
pole  of  the  source  by  means  of  a  copper  wire  that  enters  it; 
and  in  the  circuit  thus  formed  is  interposed  the  primary  cir- 
cuit  of  an  induction  coil  (the  trembler  of  which  has  pre- 
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viously  been  prevented  from  operating)  and  an  interrupter 
for  opening  or  closing  the  circuit 

In  another  arrangement  (represented  to  the  right  in 
Fig.  221)  the  plate  of  lead  is  replaced  by  a  bath  of  mercury  a 
few  millimeters  in  thickness  into  which  enters  an  insulated 
copper  wire  bared  at  its  extremities  in  order  to  form  a  con- 
tact with  the  mercury  and  a  terminal  The  tube  may  be 
straight  or  may  contain  one  or  two  bends  (in  order  that  the 
platinum  point  may  be  directed  upwardly)  without  the  ope- 
ration of  the  interrupter  being  modified  by  such  arrange- 
ments. The  source  w'ith  which  the  coil  is  connected  may 
be  a  battery,  a  series  of  accumulators  or  a  sector  with  con* 
tinuous  or  alternating  currents.  The  difference  o{  potential 
may  vary  between  20  and  120  volts  (our  experiments  have 
not  gone  beyond  that)  without  the  interrupter  ceasing  to 
work,  provided  that,  between  the  self-induction  of  the  prim- 
ary circuit  of  the  coil,  the  length  and  diameter  of  the  plat- 
inum wire  and  the  electromotive  force  of  the  source,  there 
be  certain  relations  of  which  the  numerical  values  arc  as  yet 
fixed  onl}^  by  tentatives. 

When  the  pro^jortions  ars  well  established,  we  observe, 
as  soon  as  the  circuit  is  closed,  a  violaceous  halganjund  the 
platinum  wire,  hear  a  sharp  strident  noise  proceeding  from 
the  interrupter,  and  witness  an  abundant  disengagement  of 
gas  in  the  electrolytic  liquid  and  a  true  torrent  of  flames  be- 
tween the  extremities  of  the  secondary  wire.  In  blowing 
upon  this  flame,  which  is  hot  enough  to  ignite  paj^er,  the 
spark  becomes  stratified,  thus  showing  that  the  phenomenon 
is  not  continuous,  and  that  the  flame  is  made  up  of  a  series 
of  frequent  sparks  that  dart  into  the  air  heated  by  the  pre- 
vious tjnes. 

By  way  of  illustration,  we  may  say  that  in  some  experi- 
ments made  at  the  laboratory  of  electricity  of  the  Schoi>l  of 
Physics  and  Industrial  Chemistry  of  the  city  of  Paris,  M. 
Hospitaller  employed  what  is  called  a  "6  cm.  spark  "  Car- 
pentier  coil  and  obtained  therewith  sparks  of  a  length  of  15 
and  even  18  cm.  with  a  frequency  w^hich,  estimated  by  a  re- 
volving mirror,  varied  betw^een  1,400  and  1,500  a  second. 
The  primary  circuit  w^as  supplied  by  a  battery  of  5oaccumu- 


THE  WEHXELT   INTERRUrTER. 


503 


lators  mounted  in  tension,  and  the  platinum  wire  was  0.8 
mm.  in  diameter  and  projected  8  or  10  mm.  from  the  glass 
tube. 

The  same  Wehnelt  tube  was  used  by  M*  Hospitaller  for 
reproducing  some  experiments  with  currents  of  great  fre- 
quency by  means  of  Dr.  d' Arson val's  greatly  simplified  ar* 
rangement  shown  in  Fig.  222.  Here  the  condensers  are 
formed  of  two  Saint  Galmier  bottles  nearly  full  of  water  and 
the  surface  of  which  is  covered  with  tin  foil  for  about  a  third 
of  the  height. 

A  simple  copper  wire  wound  into  a  spiral  causes  the 
water  to  communicate  electrically  with  the  secondary  cir. 
cuit  of  the  coil.  The  explosive  distance  of  the  oscillating 
discharge  is  regulated  by  moving  the  bottleSf  the  corks  of 
which  support  two  horizontal  brass  rods  3  mm.  in  diameter. 
The  circuit  of  great  frequency  is  formed  of  a  solenoid  of 
copper  wire  from  5  to  6  mm.  in  diameter  resting  upon  sheets 
of  tin  foil  prolonged  under  the  bottle,  the  whole  being  placed 
upon  an  insulating  table  or  upon  a  plate  of  glass.  All  the 
experiments  of  Tesla  and  d' Arson val  may  be  simply  and 
effectively  reproduced  with  a  coil  which  would  prove  inade- 
quate with  all  the  tremblers  known. 

We  advise  those  of  our  readers  who  would  like  to  repeat 
these  very  simple  experiments  to  use  as  large  a  vessel  as 
possible  for  the  interrupter,  in  order  to  prevent  a  too  rapid 
heating  of  the  liquid,  unless  they  have  it  in  their  power  to 
cool  the  latter  by  a  circulation  of  water. 

The  object  of  the  mercury  in  the  Wehnelt  tube  is  to  cool 
the  platinum  through  conductivity  by  increasing  its  surface 
of  contact.  The  same  result  may  be  obtained  by  soldering 
the  platinum  to  a  coarse  copper  w^ire  insulated  through  its 
entire  length.  For  feeble  current  and  small  coils  the  plat- 
inum rods  of  discarded  incandescent  lamps  constitute  a  capi- 
tal positive  pole  for  the  Wehnelt  interrupter. 

We  shall  not  undertake  to  give  an  explanation  of  the 
theoretic  operation  of  this  curious  apparatus,  a  point  upon 
which  opinions  are  very  much  divided.  Experiment  has 
proved  that  the  interrupter  \v  ill  not  operate  any  longer  if 
the  self-induction  of  the  circuit  be  inadequate*  and  that  the 
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that  surrounds  the  positive  electrode)  and  the  self-induction 
of  the  circuit  play  the  leading  parts.  The  heating  of  the 
wire  has  no  direct  action,  as  was  at  first  thought,  since,  when 
the  self-induction  of  the  circuit  is  tcx)  feeble,  the  platinum 
wire  reddens  and  remains  red*  while  the  current  has  merely 
a  very  feeble  intensity  and  keeps  at  a  constant  one. 

It  remains  for  us  to  say  merely  a  word  as  to  the  present 
and  future  applications  of  the  Wehnelt  interrupter.  We 
already  see  that  they  will  be  numerous,  aside  from  labora- 
tory experiments  and  lecture  courses.  Radiography  and 
radioscopy  are  now  using  the  apparatus  for  reducing  the 
time  of  exposure  and  giving  a  remarkable  stability  to  the 
images  upon  the  fluorescent  screen.  Wireless  telegraphy 
will  not  fail  to  utilize  the  greatest  frequencies  that  the  sys- 
tem permits  of  obtaining.  Gas  motors,  and  particularly 
w^ater-gas  motors,  in  which  ignition  is  difficult,  will,  through 
the  use  of  it,  have  a  hot  spark  that  will  surely  prevent  any 
failure  to  ignite. 

This  interrupter  will  permit  of  forming  a  very  simple 
and  practical  electric  soldering  apparatus  which  city  clock- 
makers  and  jew^elers  may  easily  use  by  connecTing  an  appro- 
priate transformer  with  the  circuits  that  distribute  electric 
energy.  Physicians  will  have  the  same  resource  at  their 
disposal  for  their  Crookes  tubes  without  being  obliged  to 
have  recourse  to  a  transformer  or  to  accumulators. 

Should  it  become  possible  to  illuminate  vacuum  tubes  oc- 
casionally for  producing  cold  light,  the  Wehnelt  interrupter 
will  suggest  itself  fur  the  production  of  the  frequency  neces- 
sary for  this  method  of  lighting. 

Other  applications  will  be  found,  since  the  question  is  a 
new  one,  and  no  one  knew  the  Wehnelt  interrupter  a  short 
time  ago. 

For  the  abov^e  particulars  and  the  illustrations,  we  are  in- 
debted to  La  Nature. 
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A.    FREDERICK   COLLINS. 

The  General  Electric  Company  of  Berlin  has  recently 
placed  on  the  market  a  substitute  for  the  electrolytic  and 
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turbine  interrupters  in  the  form  of  the  Grisson  continuous- 
alternating  current  transformer,  shown  in  the  engraving 
and  diagram.  This  apparatus  changes  a  direct  continuous 
current  into  a  pure  alternating  current,  hence  its  name.     Its 

Tig.  224 


Diagram  of  Transformer. 

periodicity  or  frequency  of  alternation  may  be  varied  from 
900  to  6,000  per  minute,  and,  though  this  is  less  than  in  the 
electrolytic  and  turbine  forms,  currents  of  any  amperage 
may  be  easily  employed.    Different  from  other  interrupters. 
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ill  tlie  Grisson  transformer  there  is  no  interruption  of  the 
current  at  the  maximum  value,  and  consequently  there  is 
particularly  no  sparking  of  the  brush,  B*,  at  U*U^.  The 
use  of  heavy  currents  for  feeding  the  inductor  is  thus  made 
possible,  besides  reducing  the  size  of  the  condenser  in 
shunt  with  the  interrupter,  if  not  dispensing  with  it  en- 
tirely. 

Referring  to  the  diagram,  Fig.  224,  it  will  be  observed  that 
in  the  development  of  this  system  the  inductor  or  primary 
coil,  pip^P^  (the  secondary  coil  and  iron  core  are  not 
shown)  has  besides  its  principal  terminal,  which  is  common 
to  all  induction  coils  and  transformers,  a  leading-in  wire,  L, 
joined  to  the  middle  convolution  of  the  inductor  at  P*. 
The  terminals,  L  and  L^  are  connected  directly  to  the 
source  of  energy.  By  means  of  a  shunt  from  the  leads,  L 
and  L*»  current  is  supplied  to  the  small  motor,  M»  of  which 
C  is  the  commutator  and  R  a  variable  resistance,  whereby 
the  speed  of  the  rotating  transf<»rmer  or  ctmtact  disks* 
U^  U",  may  be  varied  between  comparatively  wide  limits. 

The  main  current  from  L^  is  divided  at  the  brush,  B', 
on  U^U*,  which  alternately  make  and  break  contact  on  the 
commutator  segment  of  the  contact  disks;  these  disks, 
U^V^,  are  fastened  on  a  common  shaft,  but  are  isolated  one 
from  the  other  and  send  forth  two  continuous  currents 
from  the  leads,  B*  and  B*  ;  the  brush.  B^,  on  the  opposite 
side  slides  interchangeably  on  the  lamilia  or  thin  layers  of 
U^l**.  or  temporarily  unites  them,  as  the  case  may  be.  The 
shaft  upon  which  the  contact  disks  are  keyed  is  fitted  with 
a  policy  and  is  driven  by  the  motor,  M,  belted  to  it. 

The  principle  of  the  Grisson  transformer  will  now  be 
easily  understood.  The  current  is  transmitted  to  the  in- 
ductor, /*/^'  tlircctlv  from  the  continutms  flow  for  the 
length  of  time  the  brush,  B-"*,  rests  on  the  metal  segment 
antl  the  insulating  segment  of  the  contact  disks,  and  the  cir- 
cuit, including  the  source  of  energy  and  the  inductor,  is 
thus  closed,  and  the  maximum  value  of  the  current  is  there- 
fore effectual ;  but  the  instant  this  critical  value  is  reached, 
the  coniact  disks  will  have  reversed  the  flow  of  current  and 
/I  and/*  is  cut  off.     As  both  portions  of  the  inductor  have 
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a  commou  iron  core,  i.  e.,  the  same  core,  and  are  mag- 
netized in  opposite  sense,  a  counter-electromotive  force  is 
produced  by  means  of  isolating  the  current,  /V^?  ^'^  ^^^ 
first  current  circuit  when  the  primary  current  strength  is 
lessened,  and  as  the  beginning  of  one  segment  approaches 
and  the  other  leaves  the  brush,  B^,  the  value  of  the  current 
is  brought  to  o. 

At  the  moment  the  first  circuit  is  interrupted,  the  cur- 
rent quickly  reaches  a  critical  maximum  value  in  /*/'■ 
This  is  accomplished  by  the  automatic  closing  of  one  or  the 
other  circuit,  or  both,  at  the  same  time  by  the  contact  disks, 
which,  as  the  illustrations  show,  are  arranged  like  a  con- 
tinuous-current dynamo  commutator,  except  that  the  metal 
segments  are  insidated  by  insulating  segments  of  equal 
peripheral  width  instead  of  thin  sheets  of  mica. 

The  General  Electric  Company  (Berlin)  recommend 
this  type  of  transformer  especially  for  their  standard  statitni 
wireless  telegraphy  sets  and  the  equipments  they  supply 
for  armored  war  vessels. 


CENTRAL  ENERGY  TELEPHONE   SYSTEM, 
BY  G.    SELWIN  TAIT, 

The  telephone  system  now  in  all  our  large  cities  is 
designated  as  the  **  ctjuimon  battery  '*  or  **  central  energy  ** 
system,  these  titles  having  arisen  from  the  fact  that  the  bat- 
teries that  formerly  formed  part  of  each  sybscriber*s  instru- 
ment are  now  under  the  system  located  at  the  main  office, 
or  **  Central,**  in  the  form  of  storage  batteries,  supplied  with 
current  fmrn  dynamos;  and  this  and  other  changes  inci- 
dental  thereto  have  practically  confined  all  ** troubles"  to 
the  "  Centrar*  office,  where  they  can  be  quickly  remedied* 

The  **  common  battery  system  *'  embodies  several  im* 
portant  improvements  as  well  as  radical  changes  in  the  ap- 
paratus employed,  and  the  chart  herewith  show^s  the  general 
pnnciple  of  the  system  now  in  use  by  the  largest  com- 
panies, 

A  and  B  represent  two  stations  on  one  section  of 
a  switchboard.     In  station  A  the  circuits  are  as  follows: 
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A  **  call "  from  "  Central  *'  (alternating  current)  flows  along 
wire,  2,  through  bell,  3,  ringing  same,  through  the  condenser 
4,  to  line,  I ,  and  thence  back  to  "  Central/'  The  primary  cur- 
rent for  the  transmitter  comes  from  "  Central "  along  wire,  2, 
to  ho<.)k,  5,  which  hook  when  raised  by  removal  of  receiver, 
7,   makes   contact  with  wire,  6,  from  whence  the   current 
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Central  Enercy  System. 

flews  through  prinuirv  winding,  cS,  ol  induction  coil,  through 
transmitter,  9,  and  to  line  wire,  i,  and  along  th;.t  to  **Centnil/' 
The  secondary  talking  circuit,  which  is  of  an  alternating 
qualit\,  flows  from  '' Centrar*  over  line  wire,  2,  to  hook,  5,  to 
contact,  10,  to  receiver,  7,  sec >nchiry  winding,  11,  of  coil, 
through  condenser,  4,  line,  1,  back  to  "Central." 
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When  the  subscriber  wishes  to  call "  Central  "  he  removes 
his  receiver,  7,  from  the  hijok.  $;  this  closes  the  circuit  from 
battery,  12,  through  signal  lamp,  13,  illuminating  same,  and 
thereby  notifying  the  operator  of  the  call,  then  to  and  along 
armature,  14,  of  double  relay,  16,  through  contact,  s,  to  line 
wire,  2,  thence  through  hook^  5,  contact,  6,  primary  winding 
8,  transmitter,  9,  wire,  i,  contact,  x?S  armature,  15,  of  double 
relay,  16,  to  ground,  R,  to  other  side  of  battery,  12, 

The  light,  13,  is  now  illuminated,  and  the  operator  seeing 
same  inserts  a  plug,  a,  b,  c,  into  the  jack,  d,  i\f.  As  can  be 
seen  in  the  drawing,  the  tip,  a,  of  the  plug  makes  contact 
w  ith  tlie  spring,  //,  of  the  jack,  the  sleeve,  r,  makes  contact 
with  the  test-thimble,  y,  and  the  sleev^e,  b^  makes  contact 
with  spring,  c.  The  current  from  battery,  17,  now  flows 
thrnugh  test^himblc, /,  and  wire  from  same  to  winding  of 
double  relay,  16,  and  from  thence  to  ground,  R,  and  to  other 
side  of  battery,  17.  Relay,  16,  now  attracts  its  armatures, 
14  and  15^  thereby  opening  both  sides  of  the  line  at  the  con- 
tacts, z  and  ^1,  and  extinguishing  lamp-signal,  13. 

Station  A  would  now  be  without  primary  current,  as 
battery,  12,  is  cut  off  hy  relay,  16,  so  to  supply  this  need  the 
battery,  18,  connected  to  the  centers  of  the  two  repeating 
coils,  19  and  20,  sends  its  current  to  the  two  sides  of  the 
cord  circuit,  2T  and  22,  and  from  thence  through  plug,  a,  l\ 
and  jack,  d^  e,  to  subscriber's  instrument  as  described, 

G  represents  the  listening-key  by  means  of  which 
the  operator  at  **  Central  **  connects  her  talking  circuits,  S, 
to  the  line  through  repeating  coil,  H,  and  K  is  the 
ringing-key  by  means  of  which  central  switches  on  the 
ringing  current  from  generator,  L,  when  calling  a  sub- 
scriber, M,  N  represent  the  two  sides  of  the  other  end 
of  the  cord-circuit,  2r,  22,  and  they  terminate  in  a  plug 
similar  to  a,  Ik  r,  by  which  connection  can  be  made  with  the 
jack  of  the  station  desired  by  stati<m  A. 

Fur  greater  clearness  the  supervisory  lamps  and  relays 
of  the  cord-circuit  have  been  omitted,  but  in  practice  it  is 
so  arranged  that  when  either  or  bath  of  the  conversing  sub- 
scribers hang  up  their  respective  rcceiver^a  supervisory  lamp 
is  lighted,  which  is  a  signal  for  **  Central "  to  disconnect,  and 
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obviates  the  necessity  of  her  cutting;  in  and  inquiring  if  they 

arc  **  througfh."  In  addition  to  this,  means  are  provided  for 
a  *'  busy  "  signal,  which  notifies  "Central  "  when  she  is  on 
a  line  already  in  use.  It  is  also  found  desirable  in  practice 
to  substitute  a  lamp-relay  for  the  lamp,  13,  which  relay  sup- 
phcs  current  from  a  special  battery  to  operate  said  lamp, 
13,  thereby  overcoming  the  ill  effects  of  uneven  voltage 
obtained  when  the  line  is  in  series  with  the  lamp. 

THE   COLLINS    WIRELESS  TELEPHONE. 
BY  A.  FREDERICK  COLLINS. 

In  making  some  tests  in  1899  I  found  a  method  by  which 
the  disadvantages  of  the  very  rapid  oscillations  set  up  by  a 
disruptive  discharge  in  free  air,  such  as  the  spark  of  a  Ruhm- 
korff  coil  produces,  and  without  resorting  to  the  loading  of 
the  oscillating  circuit  with  artificial  capacities  and  induct- 
ances. This  was  accomplished  by  permitting  the  discharge 
to  take  place  in  the  earth  instead  of  the  air.  To  render  this 
process  clearer^  let  us  employp  not  only  as  a  mere  analogue, 
but  as  a  similar  proposition^  the  fact  that  electric  oscillations 
emit  electric  waves,  just  as  an  electrically  charged  vibrating 
atom  sends  forth  waves  w^hich  are  likewise  of  electromag- 
netic origin  found  by  the  polarization  of  the  ether.  Even 
alternating  currents  of  comiiaratively  low  frequency  of  a  few 
thousand  per  second  will  emit  long  electrical  waves  in  space* 
as  Guarini  has  shown  in  his  experiments  in  wireless  trans- 
mission between  Antwerp  and  Brussels.  The  length  of  the 
waves  depends  on  the  periodicity  of  the  oscillations,  the  os- 
cillations on  the  inductance,  capacity  and  resistance  of  the 
circuit,  and  these  in  turn  on  the  constants  of  the  ethen 

The  constants  of  the  ether  are  its  elasticity  and  its  den- 
sity. The  elasticity  of  the  ether  is  not  known  absolutely^ 
but  is  measured  by  its  reciprocal  or  dielectric  constant, 
which  is  the  ether  modified  by  its  relations  with  gross  mat- 
ter, and  is  called  its  specific  inductive  capacity.  Ether, 
when  in  close  proximity  with  gross  matter,  apparently  as- 
sumes  a  greater  density  than  in  vacuo  or  free  air,  however 
paradoxical  it  may  seem  ;  it  is  now  well  known  that  it  b  oot 
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the  conductor  or  wire  joining  an  electrical  circuit  which 
conducts  the  electricity,  but  the  tube  of  ether  including  the 
wire.  The  atoms  of  which  the  earth  is  composed  are  like- 
wise permeated  with  the  ether  to  a  much  greater  extent  than 
the  atoms  of  gases  forming  the  air.  To  this  condition  Tesla 
has  given  the  name  of  ^£?wW  ether.  Similarly  as  mediums 
of  greater  densities  transmit  sound  waves  to  greater  dis- 
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Diagram  of  Wireless  Telephone. 


tances  than  mediums  of  lesser  densities,  so  the  bound  ether 
of  the  earth  will  propagate  electric  waves  of  proper  length 
to  greater  distances  than  that  of  the  ether-bound  air.  As  an 
illustration,  in  the  case  of  sound  waves»  if  a  bell  is  struck  in 
free  air  it  can  be  heard  at  a  distance  of  a  mile;  it  could  be 
heard  at  a  distance  of  twelve  miles  if  struck  under  water,  for 
water  has  a  density  twelve  times  that  of  air;  now,  when  a 
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the  battery,  2,  and  the  key.  3.     One  terminal  *)f  the  secondary 

winding,  4,  is  connected  with  a  special  form  of  transmitter, 
^,  and  this  to  a  large  capacity,  7  The  opposite  terminal  of 
the  induction  coil  is  earthed  at  8,  and  bridged  acniss  the  ter- 
minal of  the  secondary  is  the  condenser,  g.  10  is  a  **  variaior/' 
which  will  be  a^^ain  referred  to.  The  receiver  is  quite  simple 
and  consists  essentially  of  a  transformer  coil,  i»  a  telephone 
receiver,  2,  and  a  battery,  3  ;  the  condenser,  4,  of  large  and 
equal  c.ipacity  to  that  employed  in  the  transmitter,  and  5  the 
earthed  terminal. 

The  action  of  the  instruments  is  as  follows:  VVhen  the 
key,  3,  closes  the  primary  circuit  the  current  is  automatic- 
ally varied  by  a  special  device,  io>  which  takes  the  place  of 
the  ordinary  interrupter;  this  produces  alternation  in  the 
secondary  coil,  5,  giving  rise  to  high  potentials  at  the  termi- 
nals, 7  and  8*  This  potential  difference  is,  however,  modified 
by  the  transmitter,  6.  The  surging  of  the  alternating  cur- 
rents through  the  circuit  formed  by  7  and  8  emits  waves 
principally  at  8,  and  these  traveling  with  the  speed  ui  all 
other  electromagnetic  waves  reach  the  earth  plate,  5.  and, 
finding  an  ether  path  of  greater  density  surrounding  the  cir- 
cuit, 4  and  5,  traverse  tliat  circuit  in  preference  ttj  passing 
onward  through  the  earth,  since  the  former  offers  the  least 
resistance.  This  sets  up  alternating  currents  in  the  trans- 
former coil,  1,  and  these  are  impressed  on  the  telephone  re- 
ceiv^er,  2.  The  capacity  areas,  4  and  7,  should  be  large  and 
of  special  construction  to  secure  the  best  effects.  The  ca- 
pacities, 4  and  7,  are  not  elevated,  and  the  larger  the  capaci- 
ties the  greater  the  distance  over  which  articulate  speech 
may  be  carried  without  wires. 

Both  the  transmitter  and  receiver  are  mounted  on  tri- 
pods, providing  the  operators  with  testing  apf>aratus  almost 
as  portable  as  a  camera.  The  tests,  from  the  incipiency 
of  the  idea  of  wireless  telephony,  have  been  made  at 
Narberth,  Pa.,  where  the  conditions  were  all  that  could  be 
desired*  In  1899  speech  was  transmitted  by  this  system  a 
distance  of  200  feet;  in  J900  a  mile  was  covered,  when  with 
the  equipment  shown  in  the  engravings  articulate  speech 
was  transmitted  across  the  Delaware  River  at  Philadelphia  ; 
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and  in  1902^  with  the  instrunnents  placed  on  hills  separated 
by  a  railroad,  valleys,  wooded  lands  and  numerous  streams, 
a  distance  of  three  miles  was  attained.  The  results  have 
shown  the  possible  commercial  value  of  this  system  of  wire- 
less telephony, 

POLYPHASE  GENERATORS. 
HV  ALTON  D,  ADAMS. 

Alternating  currents  are  developed  in  the  armature 
windings  of  all  drum  or  ring-wound  dynamos.  Moreover^ 
these  alternating  currents  in  the  windings  of  any  armature 
are  polyphase  rather  than  single-phase.  A  litile  considera- 
tion of  the  nature  of  alternating  dynamos  will  render  these 
(acts  evident.  Any  alternating  current,  as  the  name 
indicates,  changes  its  direction  of  flow  along  a  conductor 
at  stated  intervals.  The  current,  in  either  direction,  starts 
from  zero,  rises  gradually  to  its  maximum,  and  then 
declines  gradually  to  zero  again.  Next  follows  a  gradual 
rise  of  current  in  the  direction  opposite  to  that  in  which  the 
flow  has  just  taken  place,  a  maximum  rate  and  then  a 
decline  to  zero,  as  before.  When  an  alternating  current 
has  completed  the  variations  just  described,  that  is,  has 
started  from  zero,  reached  a  maximum  in  one  directian, 
returned  to  zero  again^,  and  then  performed  a  like  variatiotii 
in  the  opposite  direction,  it  is  said  to  have  passed  through 
a  complete  cycle  or  period.  The  number  of  altematioiis 
or  changes  in  the  direction  of  flow  for  any  current  is  evi- 
dently twice  as  great  as  its  number  of  periods  during  any 
unit  of  lime*  since  the  current  must  change  twice  in  direc- 
tion to  compleie  a  period.  The  way  in  which  an  altemat. 
ing  current  changes  while  passing  from  zero  through  its 
maximum  and  to  zero  again,  may  be  illustrated  bj  a  ctirre. 
Siich  a  curve  wUl  have  any  one  of  a  variety  of  shapes 
according  to  the  particular  current  it  represents.  Ooe  of  ^ 
the  most  usual  sorts  of  alternating  current  mav  be  \ciy 
nearly  represented  bv  a  sine  cur\  e,  as  shown  in  F%.  22&, 
This  is  called  a  sine  cur^e,  because  successiTe  potii^  cm  it 
correspond  in  their  distancres  from  the  hofiiotttal  Kne  to 
the  \-aIucs  of  the  sines  of  angles  from  zero  to  3S0  i 
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in  a  circle  whose  radius  equals  the  distance  of  the  highest 
and  lowest  points  on  the  curve  from  the  central,  horizontal 
line.     Inspection  of   the  figure   will   show   that   for  every 
point  on  the  quarter  of  the  sine  curve  above  that  portion  of' 
the   horizontal  line  between  the  points  marked  o  and  90, 


Fig.  223 


The  Sine  Curve. 


there  is  a  corresponding  point  on  the  first  90  degrees  of 
the  circle,  and  so  on  for  the  other  three-quarters  of  the 
sine  curve.  Alternating  currents  are  usually  produced  by 
dynamos,  but  they  may  be  readily  set  up  in  any  conductor 
by  the  operation  of  suitable  switching  devices  that  connect 

Fig.  229. 
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with  a  chemical  battery  or  other  source  of  direct  current. 
In  Fig.  229  the  conductor,  N  S,  is  arranged  in  a  north 
and  south  direction,  and  a  compass  needle,  A,  is  freely 
mounted  over  it.  When  there  is  a  current  fiowing  in  the 
conductor  from  the  battery,  B,  through  switches,  ;;/  and  /, 
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the  black  point  of  the  needle  will  be  deflected  to  some  point 
as  X  or  r,  and  held  there  while  the  current  remains  steady^. 
If  the  current  from  the  battery,  B,  is  caused  to  pass  througli 
the  couductort  N  S,  in  alternate  directions,  by  reversing- 
the  connections  through  the  s\%^tches»  /and  w,  the  black 
point  of  the  needle  will  move  alternately  to  the  positions,  jr 
and  jf.    The  conductor^  N  S,  will  thus  have  an  alternating- 
current  set  up  in  it  from  a  source  of  purely  direct  current»j 
If  an  ordinary  drum  armature  with  a  single  coil  windii 
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have  this  winding  connected  to  a  two-part  commutator,  the' 
armature  will  yield  a  direct  but  intermittent  current  when 
revolved  in  a  bipolar  magnet  frame. 

Such  an  armature,  with  a  single  turn  to  its  coil,  is  illus- 
trated in  Fig.  2jo^.  The  current  flowing  in  a  circuit  con- 
nected to  this  armature  may  be  represented  by  the  cur\^e  in 
Fig.  231,  between  the  points  marked  o  and  560.    This  curve 
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corresponds  to  the  flow  of  current  that  results  from  one 
complete  revolution  of  the  armature,  and  is  laid  out  from 
the  semicircle  at  the  left  in  a  way  similar  to  that  in  which 
the  curve  of  Fig.  228  was  constructed.  The  two  halves  of 
the  current  curve  in  Fig.  231  must  be  constructed  to  corre- 
spond with  points  on  a  half-circle,  instead  of  points  on  an 
entire  circle,  as  in  Fig.  228,  because  the  commutator  delivers 
current  to  the  brushes  and  the  connected  circuit  in  only  one 
direction,  though  this  current  flows  through  the  armature 
windings  in  alternate  directions.  If,  instead  of  the  two-part 
commutator,  an  armature  winding  is  provided  with  a  com- 
mutator of  twenty-four  or  more  parts,  the  current  delivered 
at  the  brushes  will  be  nearly  uniform  in  volume,  as  well  as 
constant  in  its  direction  of  flow.     The  same  drum  armature 
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illustrated  in  Fig.  2302  is  again  shown  in  Fig.  250^,  except 
that  in  b  the  two-part  commutator  has  been  replaced  bv 
two  plain  copper  rings,  and  these  rings  are  connected  to 
the  single  coil  exactly  as  was  the  commutator.  In  other 
words,  one  of  the  copper  rings  is  connected  to  the  armature 
winding  at  any  desired  point,  and  the  connection  for  the 
other  copper  ring  joins  the  other  end  of  the  armature  wind- 
ing. When  the  armature  \s\X\\  these  collecting  rings,  as 
they  are  called,  is  revolved  in  its  bipolar  magnet  frame,  the 
current  delivered  to  the  brushes  in  contact  with  the  rings, 
and  to  the  connected  circuit,  will  be  a  single-phase  alternat- 
ing current,  and  may  be  represented  by  the  sine  curve  in 
Fig.  228,  It  is  now  w^ell  to  consider  the  reason  that  causes 
the  direct  current  from  the  armature  with  a  two-part  com- 
mutator in  Fig.  230^,  and  also  the  current  from  the  armature 
with  the  two  collector  rings  in  Fig.  230^,  to  correspond  ia 
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volume  at  any  instant  with  some  point  on  the  sine  curve  in 
Fig.  22S,  or  in  Fig,  231,  respectively* 

Each  turn  or  inductor  on  either  of  the  drum  armatures 
is  subject  to  a  like  influence  during  a  complete  revolution. 
It  will,  therefore,  be  sufficient  to  consider  a  single  turn  or 
inductor.  For  this  purpose  take  the  inductor  that  is  di- 
rectly connected  to  the  top  half  of  the  two-part  commutator 
in  Fig.  230^?.  This  inductor  is  exactly  midway  between  the 
two  magnet  poles,  and,  assuming  it  to  be  in  motion,  there 
is  no  electromotive  force  being  developed  in  it  at  the  in- 
stant, hence  it  cannot  act  as  a  source  of  current.  As  the 
electromotive  force  developed  in  any  inductor  depends  di- 
rectly on  the  rate  at  which  it  is  passing  a  magnet  pole,  other 
factors  remaining  constant,  the  inductor,  when  at  the  posi- 
tion  stiown  in  Fig.  23c^7,  has  no  electromotive  force  developed 
in  it,  because  at  the  instant  it  is  not  passing  either  magnet 
pole.  If  the  armature  in  this  figure  is  revolving  in  the  same 
direction  as  the  hands  of  a  clock,  the  inductor  will  begin 
to  pass  the  N  magnet  pole  as  soon  as  it  leaves  the  position 
midway  between  the  poles.  The  rate  at  which  the  inductor 
is  passing  the  N  pole  at  any  instant  will  vary  as  the  sine  of 
the  angle  of  the  arc  through  which  it  has  moved  from  the 
l><jsition  shown  in  Fig.  230^7.  This  sine  will  reach  its  maxi- 
nuim  vaiue  when  the  inductor  has  revolved  through  go 
degrees,  and  is,  therefore,  just  opposite  the  center  of  the 
m:ignet  pole.  At  this  position  of  the  inductor,  the  electro- 
motive force  developed  in  it,  and  the  consequent  flow  of 
current,  corresponds  to  the  highest  point  on  the  first  half 
of  the  sine  curve  in  Fig.  231.  As  the  inductor  moves  to 
its  lowest  position,  the  electromotive  force  developed  in  it, 
and  the  resulting  current,  gradually  drop  to  zero  through 
the  values  indicated  by  the  sine  curve  of  Fig.  231,  between 
90  and  180  degrees.  In  the  remaining  1 80  degrees,  required 
to  complete  one  revolution  of  the  inductor,  the  electromotive 
forces  and  resulting  current  developed  will  correspond  in 
amounts  to  the  distances  of  points  on  the  sine  curve 
between  180  and  360  degrees,  from  the  horizontal  line  in 
Fig.  231.  The  multiplication  of  inductors  on  the  drum 
armature  changes  the  total  amount  but  not  the  nature  of  the 
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-electroraolive  forces  developed  in  an}^  one  inductor,  so  that 
the  sine  curve  of  Fig.  231  represents  the  resuhs  as  to  current 
variations  for  a  drum  winding  of  any  number  of  turns  and  a 
two-part  commutator.  Now  the  only  effect  uf  the  conimu- 
tator  on  the  delivered  electromotive  forces  and  currents  is 
to  give  them  a  single  direction  in  the  external  circuit; 
hence  it  follows  that,  when  the  commutator  is  replaced  by 
the  contact  rings,  the  current  will  be  delivered  in  the  same 
direction  that  it  has  in  the  armature  at  any  instant,  and  the 
results  may  be  indicated  by  the  sine  curve  in  Fig-  228.  In 
Fig.  22S  the  sine  curve  is  one-half  above  and  one-half  below 
the  horizontal  line,  because  each  inductor  has  developed  in 
it  an  electromotive  force  in  opposite  directions,  according 
to  the  pole  past  which  it  is  moving.  Any  alternating  gen- 
erator that  delivers  currents  that  may  all  be  represented, 
at  any  moment,  by  a  single  sine  curve^  like  that  in  Fig. 
22S,  is  said  to  be  single-phase,  or  to  supply  single-phase 
current.  An  alternating  dynamo  that  deltvers  two  or 
more  single-phase  currents,  which  do  not  attain  their  max- 
imum or  zero  points  at  the  same  instant  of  time,  is  called 
a  multiphase  generator,  and  is  said  to  deliver  multiphase 
current.  As  a  matter  of  fact,  each  individual  current 
from  a  multiphase  generator  can  be  only  single-phase, 

A  drum  armature  similar  to  that  in  Fig.  230^  may  be 
wound  and  connected  so  as  to  deliver  any  desired  number 
of  alternating  currents,  each  of  which  will  be  single  phase 
when  considered  alone,  but  will  differ  in  phase  from  all  of 
the  others.  A  generator  with  such  an  armature  is  multi- 
phase. While  multiphase  generators  may  yield  currents  of 
as  many  different  phases  as  are  desired,  such  generators  in 
practice  are  mostly  confined  to  two  and  three  phase  cur- 
rents. The  development  of  two  and  three  phase  generators 
has  been  largely  due  to  the  demand  for  alternating  current 
motors.  A  single-phase  current  is  entirely  satisfactory  for 
electric  lighting  purposes,  but  has  serious  defects  when 
applied  to  the  operation  of  electric  motors.  Two  or  three 
alternating  currents  of  different  phase,  on  the  other  hand, 
give  excellent  results  in  the  production  of  electric  motive 
power,  and  arc  suitable  for  electric  lighting. 
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A  two- phase  generator  delivers  two  alternating  currents^ 
which  have  their  maximum  values  at  points  90  degrees 
apart  in  each  revolution.  If  a  drum  armature,  similar  to 
that  in  Fig.  230^,  is  provided  with  two  coils  of  one  or  more 
turns  each,  at  points  90  degrees  apart,  and  the  ends  of  these 
coils  are  brought  out  to  four  separate  contact  rings,  these 
rings  will  deliver  two-phase  currents  when  the  armature 
revolves  in  a  bipolar  magnet  frame.  Such  a  drum  arma- 
ture, with  two  separate  coils  of  one  turn  each,  is  shown  in 
Fig.  230<'»  with  two  pairs  of  contact  rings.  In  a  practical 
case,  the  contact  rings  would  all  have  equal  diameters,  but 
they  are  here  shown  in  different  sizes  for  clearness.     It  is 
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clear  that,  as  the  armature  in  Fig.  230^-  revolves  in  its  bipolar 
magnet  frame,  each  coil  will  begin  to  pass  either  pole  90 
degrees  in  advance  or  90  degrees  behind  the  other  coil* 
From  this  it  follows  that  corresponding  points  on  the  sine 
curves  of  electromotive  force  or  current  delivered  by  the 
two  coils  must  be  90  degrees  apart.  The  two-phase  cur- 
rents delivered  by  the  armature  of  Fig.  230^  are  illustrated 
by  the  sine  curv^esin  Fig.  232,  which  represent  two  currents, 
each  single-phase^  but  one  of  which  is  90  degrees  behind  the 
other  at  zero,  maximum  and  all  other  points.  The  curves 
in  Fig,  2^2  represent  the  currents  delivered  during  one 
revolution  of  the  armature  by  the  two  coils.  As  may  be 
s«en   from    the   figures  marked  along  the  horizontal  line, 
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which  indicate  degrees  on  the  circle  of  revolution,  one 
current  is  ^i  its  maximum  when  the  other  is  at  its  zero 
value,  at  the  beginning;  the  middle  and  ihe  end  of  the  revo- 
lution, that  is,  at  o,  90,  180,  270  and  360  degrees. 

A  three-phase  generator  delivers  three  alternating  cur- 
rents, which  have  their  maximum  values  60  degrees  apart  in 
each  revolution  of  the  armature.  It  a  drum  armature,  like 
those  shown  in  Fig.  2^od  and  t*,  is  provided  with  three 
separate  coils,  spaced  60  degrees  apart  about  the  core,  and 
each  coil  is  connected  to  a  separate  pair  of  contact  rings^ 
the  armature  will  deliver  three-phase  currents,  when  oper- 
ated in  a  bipolar  magnet  frame.  Such  an  armature,  with 
three  coils  of  one  turn  each,  and  with  six  contact  rings,  is 
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shown  in  Fig.  -jo^/.  The  three  coils  in  this  figure,  like  the 
two  coils  on  the  armature  in  Fig,  230^^  arc  entirely  inde- 
pendent of  each  other,  and  there  is  no  electrical  connection 
between  them. 

The  three  currents  delivered  by  the  armature  in  Fig* 
230^  arc  illustrated  by  the  three  sine  curves  in  Fig<  233,  which 
shoivs  the  variations  in  the  currents  dcliv'^ered  during  one 
complete  revolution.  As  may  be  seen  by  inspection  of  the 
curves,  the  zero  points  of  the  three  currents  in  each  direc- 
tion are  60  degrees  apart  in  each  revolution,  and  the  maxi- 
mum points  are  also  60  degrees  apart  on  either  side  of  the 
zero  line.  Armatures  with  only  a  single  turn  per  coil  have 
been  shown  in   Fig;  2^ca,  b^  c  and  d,  for  the  sake  of  clear- 
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ness;  but  if  the  coil  or  coils  in  each  case  had  many  turns, 
and  covered  the  entire  core,  the  nature  of  the  currents  pri»- 
duced  would  remain  the  same,  though  the  electromotive 
forces  and  amounts  of  current  might  be  thus  increased. 

In  polyphase  generators  for  practical  w<jrk»  two  or  more 
armature  coils  are  usually  connected  tcj  each  pair  at  colltxt 
ing  rings,  each  coit  has  quite  a  number  of  turns,  all  the  coils 
are  laid  in  slots  in  the  iron  armature  cures,  and  multipobr 
magnet  frames  arc  almost  always  employed.  Considerable 
numbers  of  coils  are  necessary  to  properly  distribute  the 
windings  over  the  armature  cires,  and  many  turns  are 
required  to  develop  the  electromotive  force  wanted.  which» 
in  some  cases,  is  as  high  as  10,000  volts.  Slotted  armature 
cores  are  employed  to  keep  the  magnetic  resistance  of  the 
air  gaps  from  cores  to  magnet  poles  within  moderate  figures, 
to  provide  secure  means  for  holding  the  coils  and  to  give 
ample  room  for  insulation  between  the  windings  and  the 
cores. 

At  all  ordinary  speeds  of  armature  rotation,  multipolar 
magnet  frames  are  necessary  to  give  currents  with  the 
required  frequencies  or  numbers  of  periods  per  second*  As 
already  pointed  out,  a  period  or  cycle  of  an  alternating 
current  is  its  rise  from  zero  to  a  maximum  value  in  one 
direction,  a  return  to  zero  and  rise  to  a  maximum  in  the 
opposite  direction*  with  a  final  return  to  zero  again,  as  illus- 
trated by  the  sine  curve  in  Fig,  228.  Multiphase  generators 
are  usually  designed  for  either  25,  40  or  60  cycles  per 
second.  Current  of  25  cycles  is  especially  suitable  (or 
power  purposes^  while  currents  of  40  and  60  cjxles  are 
used  for  both  power  and  lighting.  Each  independent  arm- 
ature circuit,  with  its  own  pair  of  collecting  rings  on  a 
polyphase  generator,  supplies  current  with  a  number  of 
cycles  per  second  that  equals  the  product  of  the  number 
of  armature  revolutions  {x*r  second  by  the  number  of  pairs 
of  magnet  poles  between  which  the  armature  re%'o!ves. 
The  number  of  cycles  or  periods  per  second  is  thus  entirely 
independent  of  the  number  of  armature  coils  or  of  the 
number  of  turns  per  coil  Thus,  the  armature  in  Fig,  250^, 
where  there  is  one  pair  of  poles,  must  revolve  25  x6o  =  1,500 
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times  per  minute  in  the  bipolar  frame  to  yield  a  current  of 
25  cycles  per  second.  In  like  manner,  the  same  armature 
must  revolve  40x60—  2,400  times  and  60x60—  3,600  times 
per  minute  to  develop  currents  of  40  and  60  cycles  per 
second,  respectively.  If  generators  must  yield  25  cycles 
per  second,  or  25x60  —  1,500  cycles  per  minute,  at  750 
revolutions  per  minute,  the  number  of  mag^net  poles  must 
be  four,  so  that  the  number  of  pairs  of  poles  will  be  two, 
because  750x2  =  1.500. 

Polyphase  generators  may  be  divided  into  three  classes,  in 
one  of  which  the  armature  revolves ;  in  another  the  magnet 
frame  revolves  and  the  armature  is  stationary ;  and  in  a 
third  the  magnet  and  armature  coils  are  all  stationar3%  and 
only  a  mass  of  iron,  called  an  inductor,  is  revolved.  Gen- 
erators with  revolving  armatures  are  suitable  where  small 
capacities  or  high  speeds  of  revolutiAi  are  wanted,  and 
where  the  armature  voltage  is  moderate.  When  the  gen- 
erator must  supply  current  at  3,iX}0  to  10,000  volts,  the 
stationary  type  of  armature  is  desirable,  because  it  gives 
better  opportunity  to  provide  and  maintain  the  insulation 
of  its  windings.  With  a  stationary  armature  no  contact 
rings  for  its  currents  are  necessary,  but  if  the  magnet  coils 
revolve,  contact  rings  must  be  provided  for  their  current. 

The  inductor  generator  is  designed  to  do  away  with  all 
revolving  coils  and  sliding  contacts,  and  to  this  end,  both 
the  armature  and  the  magnet  coils  are  mounted  on  the 
stationary  part  of  the  machine.  Within  this  stationary  part 
a  circular  mass  of  iron,  called  the  inductor,  is  revolved  and 
completes  magnetic  circuits  through  the  several  magnet 
and  armature  coils  alternately. 


THREE-PHASE  GENERATORS  AT  PARIS. 

A  three-phase  alternator  built  and  installed  at  the  Paris 
Exposition  by  the  French  firm  the  Compagnie  G^nerale  Elec- 
trique  of  Nancy,  is  shown  in  the  engraving.  This  is  of  the 
type  of  alternators  having  revolving  field  magnets  and  sta- 
tionary armatures.  This  fly-wheel  field  magnet  has  a  speed 
93.5  revolutions  per  minute  and  has  a  frequency  of  current 
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in  the  armature  of  fifty  periods  per  second.  In  each  phase 
it  generates  a  current  of  87  amperes  at  a  potential  of  3^000 
volts.  In  order  to  secure  mechanical  rigidity  in  the  arma- 
ture, it  will  be  noted  that  on  each  side  there  are  six  rods  of 
forged  iron  terminating  at  a  collar  piece,  each  of  which  can 
be  adjusted  by  set  screws.  The  stationary  armature  has  the 
appearance  of  great  lightness.  The  direct-current  dynamo 
used  to  excite  the  fields  of  this  alternator  is  seen  in  the  fore- 
ground, and  it  will  be  noted  is  directly  connected  to  the 
driving  shaft  of  the  main  machine.  The  collector  brushes 
of  this  machine  are  seen  on  the  end  of  the  shaft,  the  com- 
mutator being  placed  on  the  extreme  outside,  while  the  slip 
rings  and  brushes  of  the  alternator  are  inside  the  main  bear- 
intc. 
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Induction  motors  differ  radically  from  other  types, 
because  a  part  of  the  currents  that  yield  mechanical  work 
flow  in  conductors  having  no  electrical  connection  with 
any  external  circuit.  In  other  words,  induction  motors  are 
su  called  because  a  part  of  the  windings  on  each  motor  are 
closed  circuits  within  themselves,  and  the  currents  in  these 
closed  windings  are  set  up  by  induction  from  the  other 
windings. 

A  polyphase  generator  has  two  entirely  independent  sets 
of  coils,  namely,  the  magnet  windings  and  the  armature 
w^indings.  These  magnet  windings  are  supplied  with  direct 
current,  usually  generated  by  separate  dynamos  called 
exciters.  The  armature  windings  have  electromotive  forces 
and  currents  developed  in  them  by  their  revolution  past  the 
magnet  poles,  or,  as  it  is  often  stated,  through  the  magnetic 
field,  which  field  remains  constant  or  fixed  in  its  location* 
The  words  armature  and  magnet  frame,  or  field,  cannot  be 
applied  to  induction  motors  in  the  same  way  as  to  poly- 
phase generators,  or  to  other  dynamos  and  motors,  because 
the  operations  performed  by  the  several  parts  do  not  corre- 
spond.    An  induction  motor  has  two  entirely  independent 
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sets  of  windings.  In  one  set  of  these  windings  current  is 
supplied  from  a  polyphase  generator,  and  this  current  is, 
therefore,  alternating*  The  other  set  of  motor  windings 
is,  as  has  been  stated,  not  connected  to  any  external  source 
of  current  supply,  but  forms  a  complete  circuit  in  itself. 
The  set  of  windings  which  receives  current  from  an  outside 
source  is  called  the  primary  coils,  and  the  windings  which 
carry  only  induced  currents  are  called  secondary  coils. 
Either  the  part  of  the  motor  which  carries  the  primary^  or 
that  which  carries  the  secondary  windings,  may  revolve. 
In  practice  it  is  better  to  revolve  the  secondary  windings, 
and  to  keep  the  primary  windings  stationary,  because  all 
sliding  contacts  are  thus  avoided,  and  this  is  the  general 
construction.  It  is  desirable  to  avoid  the  words  armature 
and  magnet  frame  in  connection  with  induction  motors,  and 
to  apply  the  name  rotor  to  the  revolving  part,  and  stator  to 
the  fixed  part,  to  insure  clearness.  Considered  magnetic- 
ally, the  induction  motor  more  nearly  resembles  the  trans- 
former than  the  dynamo  or  motor  of  other  types.  In  fact, 
the  induction  motor  is  a  true  transformer,  in  which  a  part 
of  the  core  and  the  secondary  coils  revolve.  Where  the 
iron  of  a  magnetic  circuit  is  subject  tu  rapid  changes  in  the 
intensity  of  its  magnetization,  it  is  necesStiry  to  employ  thin 
sheets  to  build  up  the  rLXfuired  mass,  in  order  to  avoid  local 
currents  in  the  iron  and  resulting  losses  from  heat.  In  all 
dynamos  the  armature  cores  are,  therefore,  laminated,  but 
the  magnet  frames  are  often  of  solid  iron,  because,  being 
excited  by  direct  currents,  their  magnetization  remains  nearly 
constant.  The  entire  magnetic  circuit  of  an  induction  motor 
must  be  built  up  of  thin  iron  sheets,  because  its  magnetism 
is  rapidly  reversed  by  the  alternating  currents  in  the  pri- 
mary windings. 

An  induction  motor,  suitable  for  operation  with  two- 
phase  currents,  is  illustrated  in  outline  by  Fig.  235.  The 
outer,  circular  part  of  this  motor  is  the  stator,  built  up  of 
thin  iron  sheets  and  wound  with  the  primary  coils.  The 
inner,  circular  part  of  the  motor  is  the  rotor,  and  its  wind- 
ing or  conductors  consist  of  round  copper  rods  threaded 
through  holes  parallel  with  the  shaft,  and  just  below  the 
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circular  surface  of  the  rotor  body.  These  copper  rods  are 
insulated  from  the  sheet-iron  body  of  the  rotor,  and  are  all 
connected  together  at  each  end  by  a  ring  of  coppen  On 
the  stator  are  two  primary  coils,  90  degrees  apart,  and 
entirely  independent  of  each  other,  and  each  is  connected  to 
a  circuit  tliat  delivers  single-phasc  current.  Current  in  one 
of  these  primary  circuits  and  coils  is  90  degrees,  or  one- 
quarter  period,  behind  the  current  in  the  other  circuit  and 
coil;  that  is,  the  currents  are  such  as  would  be  supplied  by 
a  two-phase  generator.     When  the  motor  is  to  be  started  in 


Fig.  235 
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Two* Phase  Induction  Motor* 


Three- Phase  Ipductton  Motor. 


operation,  connections  between  the  supply  circuits  and  the 
primary  coils  are  made  by  switches,  and  the  rotor  at  once 
exerts  a  powerful  turning  effort.  This  tendency  to  rota- 
tion is  due  to  the  combined  action  of  the  two  primary  cur- 
rents in  the  coils  of  the  stator,  and  to  the  induced  currents 
in  the  closed  coils  of  the  rotor.  This  action  may  be  more 
easily  understood  by  reference  to  a  direct- current  motor, 
The  machine  illustrated  in  Fig.  230*1  may  be  used  as  such  a 
motor,  as  well  as  for  a  dynamo  If  direct  current  is  sup- 
plied to  the  magnet  windings  and  to  the  single  armature 
coil  of  the  motor  in  this  figure  no  motion  of  the  armature 
will  result,  when  the  armature  coil  is  in  the  position  shown, 
midway  between  the  magnet  poles;  that  is,  the  armature 
has  two  points  in  each  revolution  at  which  no  turning  effort 


530 


EXPERIMENTAL   SCIENCE— APPENUIX, 


can  be  got  from  the  current  in  its  coils.  In  any  other  posi- 
tions of  the  coil  current  in  the  coil  will  give  a  turning  effort 
if  the  magnets  are  excited.  This  turning  effort  is  due  to 
the  fact  that  a  conductor  lying  across  the  pole  of  a  magnet 
is  subject  to  a  force  tending  to  move  it  past  the  pole  in  one 
direction  or  the  other,  according  to  the  direction  in  which 
current  is  flowing  in  the  conductor.  If  the  motor  armature 
in  Fig.  230^7  is  provided  with  two  or  more  coils,  connected 
to  a  commutator  with  (our  or  more  segments,  there  will  be 
one  or  more  conductors  in  front  of  each  pole  at  every  stage 
of  the  revolution,  and  the  armature  will,  therefore,  be  self- 
starting  in  any  position.  In  this  direct-current  motor  the 
tendency  to  armature  rotation  is  maintained,  because  the 
revolution  constantly  brings  conductors,  carrying  currents, 
into  positions  before  the  fixed  magnet  poles.  If  the  arma- 
ture in  the  case  of  a  direct-current  motor  is  fixed  in  its 
position,  and  the  magnet*  frame  and  commutator  brushes 
arc  mounted  so  as  to  revolve,  motion  will  result  as  before, 
when  current  is  supplied  to  the  magnet  coils  and  to  the 
commutat(jr  brushes.  In  this  case  revolving  magnet  poles 
are  constantly  brought  over  armature  conductors  that  have 
current  passing  through  them.  An  induction  motor  pre- 
sents much  the  same  result  as  that  just  named,  but  the 
revolution  of  magnet  poles  is  brought  about  by  magnetic 
instead  of  mechanical  motion.  Returning  to  Fig,  235, 
assume  that  a  single-phase  current  is  supplied  to  one  of  the 
primary  coils  with  terminals,  a  and  //.  A  result  will  be  the 
development  of  two  magnet  poles  on  the  interior  circum- 
ference of  the  fixed  outer  ring.  These  poles  will  be  devel- 
oped at  points  on  this  ring  midway  between  the  notches 
where  the  coil,  n  b,  passes  through  it;  that  is,  at  the  notches 
where  the  coil,  c  d,  pierces  the  ring.  At  each  of  these  two 
points  the  magnetic  pole  will  develop  and  increase  to  its 
maximum  intensity  in  one  direction,  then  fall  to  zero, 
increase  to  its  maximum  intensity  in  the  other  direction, 
and  then  fall  to  zero  ogain,  during  each  period  of  the  alter- 
nating current.  Obviously  the  changes  in  the  two  magnetic 
poles  relate  only  to  their  signs,  that  is,  whether  north  or 
south,  and  to  their  intensities,  there  being  no  tendency  for 
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the  development  of  poles  at  any  points  on  the  external  ring 
aside  from  those  designated.  In  other  words,  there  is  no 
tendency  for  the  two  poles  to  travel  in  a  circle,  as  when  the 
magnet  frame  of  a  direct-current  motor  was  allowed  to 
rotate  mechanically.  If,  now,  the  current  in  the  coil,  n  *, 
is  discontinued  and  a  like  current  is  supplied  to  the  coil, 
€  d,  two  poles,  constantly  varying^  in  strength^  but  fixed  in 
position,  will  be  developed  on  the  interior  surface  of  the 
fixed  ring,  but  in  this  case  these  poles  will  be  located  at  the 
notches  where  the  coil,  ^  h,  passes  through  the  ring,  or  go 
degrees  from  the  poles  developed  by  current  in  the  coil, 
a  b.  The  supply  of  one  single-phase  current  to  the  coil, 
a  l\  ;ind  of  another  single-phase  current  to  the  coil,  c  d^  at 
the  same  time^  the  two  currents  being  90  degrees  apart  in 
phase,  as  illustrated  in  Fig.  235,  will  cause  a  pair  of  mag- 
netic poles  to  rotate  uniformly  about  the  inner  surface  of 
the  fixed  ring.  As  pointed  out  above,  the  current  in 
the  coil,  a  b,  will  tend  to  develop  a  pair  of  poles  at  the 
notches  where  the  coil,  c  dy  passes  through  the  ring,  and 
as  the  current  in  the  c  d  coil  differs  90  degrees  in  phase 
from  the  current  in  the  a  b  coil,  the  current  in  the  a  b  coil 
and  the  magnetic  poles  at  the  notches  of  the  c  d  coil  will 
have  their  maximum  values  w^hen  the  current  in  the  c  d  qoW 
is  zero.  As  ihe  current  in  the  a  b  coil  declines  in  amount, 
the  current  in  the  c  d  coil  increases,  and  the  resulting  mag- 
netization of  the  ring  is  developed  by  their  combined  action. 
When  the  current  in  the  a  b  coil  has  decreased  only  a  little, 
and  the  current  in  c  d  co^  has  risen  to  only  a  small  part  of 
lis  maximum  value,  the  pair  of  magnetic  poles  will  no  longer 
be  at  the  notches  of  the  c  d  coil,  but- will  have  moved  a  little 
way  toward  the  notches  of  the  a  b  coil.  At  the  moment 
when  the  current  in  the  ^  /^  coil  is  just  equal  in  amount  to 
the  current  in  the  c  d  coil,  as  indicated  at  either  of  the 
points  where  the  two  curves  cross  in  Fig.  232,  the  two 
magnet  poles  on  the  interior  of  the  fixed  ring  are  midway 
between  the  notches  of  the  a  b  coil  and  the  notches  of  the 
€  rf  coil,  in  either  a  horizontal  or  a  vertical  line,  according  to 
the  direction  of  the  current  in  the  coils.  As  the  current  in 
the  a  b  coil  continues  to  decrease,  and  the  current  in  the  c  d 
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coil  to  increase,  the  pair  of  magnet  poles  moves  o  i  toward 
the  notches  of  a  b  coil,  and  reaches  these  notches  at  the 
instant  when  the  current  in  the  a  b  coil  is  zero,  and  the 
current  in  the  c  d  coil  at  its  maximum  value.  While  the 
current  in  the  a  b  coil  has  fallen  from  its  maxiraum  to  zeni^ 
and  the  current  in  c  d  qo\\  has  risen  from  zero  to  maximum, 
that  is,  during  one-fourth  of  a  period^  the  two  magfnet  poles 
t)n  the  interior  surface  of  the  fixed  ring  have  traveled  90 
tiegrees,  or  one-quarter  way  round  the  circle*  In  a  pre- 
cisely similar  way  the  magnet  poles  continue  their  roiatioa 
as  the  cycles  of  the  currents  in  the  two  primary  coils 
progress  through  the  remaining  three-qyarters  of  the  revo- 
lution, and  so  on,  as  long  as  tlie  supply  of  current  in  the 
coils  is  maintained.  While  the  currents  in  the  two  primary 
coils  have  maintained  a  pair  of  rotating  poles  on  the  inner 
surface  of  the  fixed  ring,  they  have  also  induced  currents 
in  the  closed  secondary  coils  on  the  rt>tor.  Reactions 
belween  the  rotating  poles  and  the  currents  in  the  coils  of 
the  rotor  give  the  induction  motor  its  c^mtinuous  turning 
effort.  This  effort  does  not  depend  on  the  rotation  of  the 
rotor,  as  in  the  case  of  the  synchronous  motorj"  and  the 
induction  niot*>r  has  a  starting  torque  much  greater  than 
that  exerted  when  the  motor  is  operating  at  full  load  and 
speed.  Compared  with  a  direct  current  motor  having  a 
fixed  armature  and  revolving  magnet  frame,  the  induction 
niotf)r  substitutes  progressive  magnetization  for  rotating 
masses  of  iron  and  induced  currents  in  the  rotor  conductors 
for  current  from  the  supply  line  in  a  fixed  armature.  Any 
number  of  polyphase  currents  may  be  employed  in  a  corre- 
sponding number  of  primarj^  coils  in  an  inducti(»Q  motor. 
In  practice,  currents  of  ntore  than  three  phases  are 
seldom  employed*  because  there  is  no  great  advantage  in 
a  larger  number.  The  primary  coils  in  Fig.  255  are  so 
arranged  that  there  is  only  one  pair  of  rotating  poles,  a&j 
already  described,  A  similar  rreult  as  to  number  oi 
in  a  three-phase  induction  motor  is  reached  by  the  ; 
raent  of  primary  coils  shown  in  Fig.  236^  Each  primary' 
coil  in  both  motors  passes  through  a  pair  of  diametrically 
opposite  slots  in  the  outside  ring,  and  tends  to  develop  a 
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pair  ol  poles  miduay  between  the  slots  in  which  it  is  located 
when  supplied  with  current.  When  these  three  primary 
coils,  in  Fig.  236^  are  supplied  with  currents  that  differ 
successively  by  60  degrees  in  phase,  as  illustrated  by  the 
curves  in  Fig.  2^7,^  their  combined  effect  is  to  develop  a 
single  pair  of  poles  that  rotate  at  a  uniform  rate  about  the 
interior  surface  of  the  fixed  ring. 

Corresponding  secondary  currents  are  induced  in  the 
conductors  of  the  rotor  by  the  currents  in  the  primary 
coils,  and  the  torque  of  the  mot<>r  depends  on  reactions 
between  the  secondary  currents  and  the  rotating  magnet 
poles. 

Bipolar  primary  windings  have  been  shown  in  Figs.  235 
and  2^6^  for  the  sake  of  simplicity,  but  windings  may  be 
so  arranged  as  to  develop  any  desired  number  of  pairs  of 
poles  about  the  inner  surface  of  the  stator  in  an  induction 
motor  of  cither  tw^o,  three  or  other  number  of  phases. 
Induction  motors  are  most  extensively  driven  by  currents 
from  two  or  three-phase  generators,  but  similar  results  are 
also  obtained  with  single-phase  alternating  current.  When 
alternating  current  is  supplied  to  one  of  the  primary  colls, 
as  a  ^,  of  the  induction  motor  in  Fig,  235,  induced  currents 
are  developed  in  the  closed  windings  of  the  rotor,  and  there 
is  a  reaction  or  turning  effort  exerted  between  the  rotor  and 
the  fixed  magnet  poles  on  the  interior  of  the  fixed  ring. 
These  reactions  cannot  set  the  rotor  in  motion,  because  the}" 
^re  equal  and  opposite  in  direction.  Evidently,  if  these 
opposing  forces  are  put  out  of  balance  in  some  w^ay,  the 
rotor  w  ill  be  put  or  maintained  in  motion.  If  the  rotor  in 
Fig.  235  is  set  in  motion  by  a  turn  of  the  hand»  or  other 
means,  while  only  one  of  the  primary  coils  on  the  stator  is 
connected  to  a  source  of  alternating  current,  the  reactions 
of  the  induced  currents  in  the  lotor  winding  will  weaken 
the  magnet  pole  on  the  stator  that  opposes  the  motion  of 
the  rotor,  but  will  not  weaken  the  magnet  pole  that  tends 
to  drag  the  rotor  in  the  direction  of  its  motion.  In  other 
words^  the  motion  of  the  rotor  destroys  the  equilibrium  of 
the  magnetic  forces  acting  on  the  rotor.  A  result  of  this  is 
that  the  rotor,  when  once  started,  constantly  gains  in  the 
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rate  of  revolution  until  its  normal  speed  is  reached.     At 

this  point  the  reactions  between  the  magnetizing^  current  in 
the  primary  coil  and  the  induced  currents  in  the  rotor 
winding  produce  two  rotating  magnet  poles  that  travel 
around  the  inner  surface  of  the  fixed  ring  in  much  the  same 
way  as  the  poles  developed  when  the  two  primary  coils  are 
supplied  with  two  currents  that  differ  go  degrees  in  phase. 
One  important  objection  to  a  single-phase  motor  of  this 
type  is  its  inability  to  start  with  a  load,  even  when  aided  a 
little  at  first,  because  the  torque  of  such  a  motor  is  small 
until  it  gains  considerable  speed.  This  objection  is  of 
especial  importance  w^ith  large  motors.  For  small  motors 
that  can  be  started  without  load,  this  type  of  single-phase 
induction  motor  offers  a  very  simple  construction. 

Fig  237 


Connections  of  Single-Phase  Inductioo  Motor 

If  an  induction  motor  is  to  be  used  w^th  single-phase 
current,  and  started  in  the  way  just  described,  the  rotor 
winding  should  have  its  ends  brought  to  a  pair  of  collecting 
rings,  and  then  a  variable  resistance  connected  to  these 
rings.  Before  the  primary  coil  is  connected  to  the  supply 
line,  the  resistance  should  be  so  adjusted  that  not  more  than 
twice  the  normal  current  can  flow  in  the  rotor  coils.  As 
the  rotor  rises  to  its  normal  speed  this  resistance  should  be 
gradually  cut  out,  until  the  rotor  coils  are  practically  closed 
on  themselves.  Another  method  of  bringing  the  rotor  of  a 
single-phase  induction  motor  up  to  speed  where  the  com- 
bined actions  of  the  primary  and  secondary  currents  will 
produce  a  rotating  magnetic  field  of  sufficient  power»  is 
illustrated  in  Fig.  237.  In  this  case  there  are  two  primary 
coils  on  the  stator»  the  smaller,  ^7,  called  the  starting,  and 
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the  larger,  b^  the  working  winding.  At  the  time  of  starting 
the  two  primary  windings  are  connected  in  series,  and  the 
starting  winding  is  shunted  with  a  non-inductive  resistance. 

The  combined  effect  of  these  two  windings,  when  sup- 
plied with  single-phase  current,  is  to  set  up  an  irregular, 
rotating  magnetic  field.  This  field  reacts  with  the  induced 
currents  of  the  rotor  conductors,  and  brings  the  rotor  up 
to  speed.  As  soon  as  the  normal  motor  speed  is  attained^ 
the  switch  should  be  moved  to  the  contact  that  cuts  out 
the  starting  coil,  and  leaves  the  working  coil  in  circuit. 
Several  other  devices  have  been  adopted  by  different  motor 
manufacturers,  to  produce  an  irregular  rotating  magnetic 
field  in  the  stator  of  a  single  phase  motor,  for  the  purpose 
of  giving  it  a  starting  torque. 

The  normal  speed  of  rotation  for  an  induction  motor  of 
one,  two  and  more  phases  is  a  little  less  than  its  synchron- 
ous speed  would  be.  By  the  synchronous  speed  of  a  motor 
is  meant  that  speed  which,  when  multiplied  by  the  number 
of  pairs  of  motor  poles,  will  give  a  number  corresponding 
to  the  periods  of  the  generator  and  supply  line  with  which 
the  motor  is  connected* 

Take,  for  instance,  the  case  of  a  four-pole  induction 
motor  of  any  phase,  that  is  to  be  connected  to  a  generator 
yielding  current  at  60  cycles  or  periods  per  second.  As 
this  motor  has  two  pairs  of  poles,  its  revolutions  per  second 
at  synchronism  will  be  60  ^  2  =  30,  and  its  revolutions  per 
minute  30  X  60  :=  1800.  If  the  motor  used  has  six  poles 
instead  of  four,  the  synchronous  speed  will  be  60  -s-  3  =  20 
per  second,  or  20  X  60  =  1200  per  minute.  Obviously  the 
number  of  motor  poles  may  be  very  different  from  that  of 
the  generator  which  furnishes  the  supply  of  energy.  Thus 
a  direct-connected  generator  might  operate  at  120  revolu- 
tions per  minute,  or  two  per  second,  so  that  its  number  of 
pairs  of  poles  must  be  60  -**  2  =  30  to  develop  current  at  60 
cycles  per  second. 

No  induction  motor  ever  runs  quite  up  to  the  speed 
that  would  bring  it  into  synchronism  with  its  source  of 
current,  because  at  the  synchronous  speed  it  could  not 
exert    any  torque.      The  amount  by    which    the    rotor  of 
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an  induction  motor  lags  behind  its  synchronous  speed  is 
usually  loss  than  5  per  cent*  of  that  speed,  and  varies  with 
the  construction  of  the  motor;  and  also  with  the  amount  of 
loid  it  is  carrying.  As  the  load  on  a  motor  is  increased  the 
speed  drops,  and  this  condition  is  necessary  in  order  to 
l>rovidc  for  the  greater  required  torque.  The  difference 
Ixnvvcen  the  actual  speed  of  rotation  for  the  motor  and  the 
speed  at  which  it  would  be  in  synchronism  with  the  source 
of  current  supply  is  called  the  slip.  Evidently  the  slip 
increases  with  the  hiad. 

In  the  early  days  of  polyphase  generators  and  induction 
motors,  it  was  common  to  keep  coils  on  either  generators 
ur  motors,  that  carried  currents  differing  in  phase,  entirely 
distinct  from  each  other.  When  single^^hase  current  was 
transmitted,  only  two  wires  were  necessary  between  gener- 
ator and  motor*  For  two-phase  currents  four  wires  were 
required^  and  with  three-phase  currents  six  wires,  when  a 
distinct  circuit  was  provided  for  each  phase.  To  avoid 
this  multiplication  of  wires  and  circuits,  it  is  now  the  gen- 
cral  practice  to  join  all  of  the  coils  on  the  armature  of  a 
polyphase  generatiir,  as  well  as  all  of  the  primary  coils  on 
an  induction  motor.  One  advantage  of  this  practice  is  that 
the  number  of  contact  rings  on  a  two-phase  generator  i? 
i-cduced  from  (our  to  three,  and  on  a  three-phase  generator 
irom  six  to  three.  Another  and  still  greater  ad%*antage  of 
the  combination  of  armature  circuits  on  pDlyphase  gener- 
ators and  of  primary  coils  on  motors  is  the  reduction  of 
the  number  of  line  wires  to  three  for  either  two  or  three 
phase  transniission.  The  coils  of  a  polyphase  armature 
may  be  combined  on  cither  the  star  or  mesh  system,  sa 
called,  or  on  both  systems  at  once.  In  the  star  system  one 
end  of  each  coil  makes  a  common  junction  with  one  end  of 
each  of  the  other  coils,  and  the  remaining  ends  are  carried 
lo  separate  contact  rings.  On  the  rae^h  system  the  arma-  , 
til  re  or  motor  coils  are  so  joined  as  to  have  a  complete 
ciixuit  within  themselves,  and  wires  are  led  out  fnwn  cer- 
tain points  in  the  mesh  to  ooUectii^  ring^  F%-  ^3^  illus- 
trates in  outline  the  ci>anectioiis  between  the  armature  oiils 
of  a  twivphase  generator  and  the  primary  coils  of  a  two- 
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phase  motor,  arranged  on  the  star  plan.  The  two  generator 
coils,  a  b,  are  joined  at  one  end,  and  a  separate  line  wire  is 
connected  to  this  junction  and  to  each  of  the  free  ends. 
These  three  line  wires  connect  with  the  two  primary  coils, 
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Connections  of  Two- Phase  Generator  and  Motor. 
Fig.  239 
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Star  Connections  of  Three-Phase  Generator  and  Motor. 

Fk;.  240 


Mesh  Connection,  Three-Phase  Generator  and  Motor. 

^  dy  on  the  motor,  in  order  of  their  connection  to  the  arma- 
ture coils.  In  Fig.  239,  the  armature  coils,  a  b  r,  of  a 
three-phase  generator  are  joined  on  the  star  system  to  the 
three  primary  coils,  e  f  g^  of  an  induction  motor.    The  mesh 


:>.v 


KXrKKlMKNTAL   SCIEN'CE — APPENDIX. 


vsystcni  L)f  connection  for  a  three-phase  generator  and  motor 
is  shown  in  Fig.  240.  Here  three  points  in  the  mesh  ot 
armature  coils,  ^i  be,  120  degrees  apart,  are  joined  to  cor- 
responding points  in  the  mesh  of  primary  coils,  e  f  g,  on  a 
three-phase  induction  motor.    Either  of  the  methods   of 
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ConnciCtions  of  Complete  Three-Phase  Generator  and  Motor. 

connection  shown  secures  the  advantage  of  ample  starting 
torque  tor  motors,  but  their  use  will  vary  according  to 
other  reijuirements  of  the  service. 


THREE-PHASE    MOTOR   AT   BELLEGARDE. 

The  most  interesting  of  the  works  driven  electrically 
at  Bellegarde,  about  twenty  miles  below  Geneva,  Switzer- 
land,  is  the  cotton  mill,  which  is  550  yards  distant  from 
the  water  power  and  generators,  employs  one  three-phase 
motor  of  IJO  to  170  horse  power  for  driving  the  openers, 
carding,  combing  and  drawing  frames  and  fliers,  and  sup- 
plies 360  incandescent  lamps.  One  120  to  170  horse  power 
three-phase  motor  drives  the  self-actors,  and  one  15  to  30 
Ikjisc  [M>\vcr  motor  of  the  same  class  is  employed  for  driv- 
injj:  the  ventilatiii;^^  fans  and  the  workshops. 

Tli«->e  motois  are  illustrated  in  the  annexed  engrav- 
m^<.  '.vliicli  we  take  lr.>m  Knjj^ineerinii^.  The  larger  motors 
ULiLili  f..^  tons  each  and  the  smaller  motor  weighs  1.2  tons. 
Ti.'.-L  ni'»r<,i  >  aii;  started  hv  resi>;tance  starters,  and  under 
n«.riiial  ..<;n«lition7,  attain  their  full  speed  in  the  space  of  one 
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tninute.  The  inducing  part  of  the  field  vi  the  niutur  which 
connects  with  the  mains  is  outside,  and  stationary,  while 
the  armature  or  induced  part  is  made  rotary,  thus  avoiding 
sliding  contacts.  The  winding  of  both  parts  is  similar,  the 
core  being  composed  of  alternating  laminas  of  sheet  iron 
and  insulating  paper  pressed  together  between  two  outer 

Fig.  242 
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Threc-Phase  Motor  at  Bellegarde. 

rings  and  pierced  near  the  periphery  b}^  equidistant  oval- 
shaped  (or  circular)  holes  in  which  the  copper  w^indings  are 
placed.  Portions  of  the  inducing  winding  are  so  bent  and 
arranged  as  to  be  always  at  the  same  distance  from  the  axis 
of  the  motor,  and  in  large  motors  (from  40  to  120  horse 
power)  the  straight  portions  are  placed  in  stiff  paper  or 
ebonite  insulating  tubes  fitting  into  the  oval  perforations. 


540  KX1»ER1MKNTAL   SCIENCF — APPENDIX. 

rhe  winding  of  the  induced  rotan-  part  consists  either 
of  wire  or  of  copper  bars,  and  is  also  placed  in  peripheral 
huks.  By  this  construction  all  the  magnetic  resistances  in 
Doth  parts  are  reduced  to  a  minimum,  while  the  peculiar 
wiiuliiig  of  the  inducing:  part  insures  perfect  s\Tiimetr}-, 
i::rcat  economy  of  space,  and  easy  inspection  and  repair. 
The  wires  or  bars  of  tlie  rotary  part  extend  beyond  the  core 
on  each  side,  the  ends  being  bent  and  soldered  together  to 
form  a  drum  winding  short  circuit  on  itself.  The  windings 
uf  bt)th  parts  are  symmetrical,  but  independent  of  each 
other  as  regards  polarity,  the  peripheral  holes  being  equi- 
distant and  the  surfaces  of  the  alternating  iron  cores  beinir 
smooth  and  uniform  all  arcuiud,  and  any  number  of  poles 
can  be  formed  in  the  inducing  pan  without  any  polar  pn.*- 
jections.  By  virtue  of  this  arrangement,  the  motor  is 
enabled  not  only  t:.>  run  n'.>n-synchr».^nousiy  with  the  gen- 
erator, but  \\'iu\  a  C'.nisideruble  torque  without  separate 
excitation.  s*»  that  ci.>mmutators  and  brushes  are  entireiy 
dispensed  with. 

To  start  these  motors  it  is  necessary  to  produce  a 
di  licit  nee  of  [>Kase  to  destroy  t:;--  e.uii  Li  cerium  of  forces 
which.  aitin.>ug:i  the  current  l»e  switched  '.'U.  causes  the  in- 
duced part  t'.'  re:r.airi  neutni'..  a*:u  prevents  it  trom  rotating 
unless  it  is  s-i-t  b\  ru^niori.  As  diiferences  of  phase  are  prr^ 
duced  by  diirererices  of  self-induc":!  .»r-,  the  desired  ofaiect  is 
brought  a:>.iut  ly  adding  t.>  t'^e  •.  rdinary  winding  of  the 
ni'^tor  a  start: rig  %viiidinig  <.'f  siullI-  cross  section  having  a 
different  sel:-ir:.'iuctiori.  v..  that  wricn.  the  two  are  placed  in 
circuit  w:t|'  l-.  g-r'ierating  alterna^T.  a  diSererce  of  phase 
and  he.':.''.>:  a  -^.^.u'-y  rie'd  is  set  u:.-.  which  overcomes  the 
lieutr:^;  ^t^*i-_  :^;c  cuus^s  t'-.e  arr^ature  t .'  rotate. 

y:  ..  ,.r4-.  ....  ,  y  ..r  ^'w-y-  .'t:  ..r,,-<  I'jcreases  with  the  size 
u..-:  ....•••:>  ^-'.•-  ;-',  t'.  y:  I'zr  c':::t-  T^-ry  iir-r  callable  of  de- 
*'-■,'-  ,::i  -'.  T'y  ■'>.  ;.'ir  cent  more  trr.ai  f^-iir  n-jnnaJ.  pow^r. 
d..-:  i*t':\..rt  ■.'.  ;-ir*er: dance  beyond  the  re':ew:il  of  oil  oece 

I- '  J- T  A  J-  y    '."     V V  E'rZli  iLS . 

■ '.'  ' '.':-r:.\r  a  ':r:  ^^:C*'': 'ju^ru -'>'■': :r si. o  cind  distribatioD 
ir.     -  '.  "'  ':':>.sarv  Vj  <.'y::-.':rr  ■sx'r.*zmLiri^  ini-j  direcL  or 
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direct  into  alternatinir  current  A  frequent  case  arise> 
where  the  energy  of  falling  water  is  electrically  transmitted 
at  high  Dressure  to  a  distant  city,  and  there  distributed  a3 
direct  current.  Another  instance  occurs  when  an  electric 
railway,  too  long  to  be  fed  with  direct  current  at  500  volts 
from  a  single  generating  station,  has  one  or  more  sub-stations 
along  its  line,  where  alternating  current,  developed  at  the 
main  power  plant,  is  received  at  high  pressure  and  trans- 
f<>rmed  to  the  voltage  of  distribution.  After  this  energy  is 
reduced  in  pressure  it  must  still  be  converted  to  direct  cur- 
rent, in  the  great  majority  of  instances.  Sometimes  a 
factory  or  mine,  drawing  its  supply  of  electrical  energy 
from  a  direct-current  system,  requires  alternating  current  to 
drive  induction  motors  in  places  much  exposed  to  dirt  and 
water,  or  that  must  be  free  from  sparks.  Here  again  the 
conversion  of  energy  is  required.  In  general  there  are 
three  ways  in  which  alternating  current  may  be  converted 
tt>  direct,  or  direct  current  to  alternating;  that  is  b}'  the  use 
of  motor  dynamos,  doublc*vvound  dynamos  or  of  rotary 
converters.  The  motor  dynamo  consists  simply  of  a  motor 
and  a  dynamo  mechanically  connected.  The  motor  may  be 
adapted  to  receive  either  alternating  or  direct  current,  and 
the  dynamo  may  be  designed  to  deliver  either  sort.  Obvi- 
ously this  combination  of  two  machines  may  be  made  to 
convert  either  alternating  into  direct,  or  direct  into  alternate 
ing  current,  with  any  desired  range  in  voltage  or  number  of 
phases,  since  the  windings  of  the  two  are  entirely  separate. 
Efficiency  for  the  motor  dynamo  must  be  lower  than  that 
of  either  machine  alone  of  the  two  that  go  to  make  it  up. 
Thus  if  the  motor  and  the  dynamo  employed  each  have  an 
efficiency  of  90  per  cent.,  the  complete  motor  dynamo  can 
have  an  efficiency  of  only  .90 x. 90- 81  per  cent.  As  the 
output  of  the  motor  dynamo  is  a  little  less  than  half  of  the 
combined  capacity  of  the  two  machines  that  compose  it,  its 
weight  and  first  cost  per  unit  of  capacity  is  high. 

In  the  double-wound  dynamo  there  is  a  single  magnet 
frame  and  armature  core,  but  the  armature  core  is  provided 
with  two  entirely  distinct  windings,  insulated  from  each 
other.     One  of  these  windings  may  receive  either  alteruat- 
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ing  or  direct  current  to  drive  the  armature  like  thai 
motor,  and  the  *other  winding  may  deliver  either  direct  or 
alternating  current,  the  latter  being  of  one,  two  or  more 
phases.  The  double-wound  dynamo  has  a  smaller  weight 
and  cost  per  unit  of  output  capacity  than  the  motor  dynamo, 
and  also  a  somewhat  higher  efficiency.  The  double-wound 
dynamo  is  somewhat  limited  as  to  the  range  of  voltage  in 
its  two  sets  of  armature  coils,  because  of  difficulties  of , 
stnicture  and  insulation. 

In  the  third  methixl  of  conversion  of  alternating  to 
direct,  or  of  direct  to  alternating  current,  a  single  machine 
with  only  one  armature  winding  is  employed.  This  arma- 
ture winding  is  connected  to  a  commutator,  and  also  to  two 
or  more  contact  rings  according  to  the  number  of  phases  of 
the  'alternating  current  that  is  to  be  received  or  delivered. 
Such  a  machine  is  a  rotary  converter.  Alternating  current 
of  the  appropriate  number  of  phases  may  be  sent  into  the 
single  winding  through  the  rings  to  drive  the  armature,  and 
direct  current  be  delivered  at  the  commutator. 

On  the  other  hand,  direct  current  may  be  supplic 
through  the  commutator  to  drive  the  armature,  and  alteni 
nating  current  of  any  number  of  phases  taken  from  a  corre- 
sponding number  of  collecting  rings.  Furthermore,  the 
rotary  converter  may  be  driven  b}'^  mechanical  power,  and 
used  as  a  double-current  dynamo  to  deliver  direct  current 
from  the  commutator  and  alternating  current  of  any  number 
of  phases  from  the  contact  rings,  at  one  and  the  same  time. 
The  rotary  converter  represents  some  saving  in  material 
over  the  dynamo  with  double- wound  armature,  and  a 
material  increase  of  efficiency,  which  usually  ranges  from 
90  to  95  per  cent-  in  rotary  converters.  The  current  that 
enters  the  armature  winding  of  a  rotary  converter,  by  rings 
or  commutator,  to  drive  it.  is  not  the  same  current  that  is 
delivered  by  the  commutat  >r  or  rings,  though  the  latter 
comes  from  the  same  winding.  Considering  the  rotary 
converter  at  first  simply  as  a  motor,  the  flow  of  the  alternat- 
ing or  direct  current,  that  drives  it,  through  the  armature 
winding  must  be  in  a  direction  opposite  to  that  of  the 
electromotive  force  developed   by   the   revolution   of  the 
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annature  between  its  magnet  poles*  On  the  other  hand,  the 
current  delivered  by  the  commutator  or  rings  has  the  same 
direction  as  the  electromotive  force  developed  in  the  coils 
by  the  revolution  of  the  armature^  as  must  be  the  case  in 
any  dynamo.  As  the  driving  and  delivered  currents  of  a 
rutary  converter  flow  in  opposite  directions  in  the  same 
armature  winding,  the  current  moving  in  any  part  of  the 
winding  at  any  instant  is  the  difference  of  these  two  currents 
there.  It  follows  that  the  current  actually  flowing  in  the 
armature  winding  of  a  rotary  converter,  when  the  rotary  is 
driven  by  received  current,  is  less  than  either  the  current 
entering  the  armature  on  the  one  hand,  or  the  current  leav- 
ing it  on  the  other.  Consequently  the  loss  of  energy  due  to 
armature  resistance  is  smaller  when  a  rotary  converter  is 
driven  by  electric  current  than  when  it  is  driven  by 
mechanical  power,  the  output  of  current  being  equal  in  the 
two  cases.  In  the  dynamo  with  a  double-wound  armature, 
and  likewise  in  the  rotary  converter,  there  is  little  or  no 
necessity  to  shift  the  position  of  the  brushes  on  the  commu- 
tator as  the  load  increases,  when  the  machines  are  driven 
with  electric  power.  On  the  double-wound  armature,  where 
the  two  sets  of  armature  coils  are  entirely  insulated  from 
each  other,  the  ampere  turns  of  the  current  in  each  set  of 
coils  about  the  core  are  nearly  equal  to  the  like  ampere 
turns  in  the  other  set,  w^hen  the  machine  is  driven  by  the 
current  in  one  set  of  coils.  In  this  case  the  windipg  that 
receives  current  tends  to  magnetize  the  armature  core  in 
just  the  opposite  direction  to  that  in  which  the  coils  that 
deliver  current  tend  to  magnetize  it.  A  result  of  the 
opposing  action  of  these  two  sets  of  armature  coils  is  to  do 
away  with  any  reaction  of  the  armature  currents  on  the 
magnetizing  effect  of  the  magnet  coils,  and  thus  avoid  the 
necessity  for  a  change  in  the  brush  position  with  increasing 
load.  In  the  single  armature  winding  of  a  rotary  con- 
verter, the  current  being  much  smaller  than  the  one  enter- 
ing or  the  one  leaving  it,  the  armature  reaction  is  compara- 
tively slight,  and  the  brushes  may  remain  in  a  fixed  position 
when  the  machine  is  electrically  driven.  When  either  the 
double- wound  dynamo  or  the  rotary  converter  is  driven  by 
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mechanical  power,  current  in  the  armature  windings  rcac 
on  the  magnetizing  effect  of  the  magnet  coils,  and  produce 
a  necessity  for  brush  displacement  with  rising  load,  justai 
in  any  ordinary  dyna^.o. 
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im)  Oomrautalor  End  of  Armature.  (^)  opposite  End  Sha«riti|:  OmtACt  RlBfik 

RoUry  Converter, 


An   ordinary  direct-current   dynamo    may    be    chang 
into  a  rotary  converter  of  one,  two  or  more  phases  by  the" 
addition  of  two  or  more  contact  rings,  properly  connecto^ 
to  points  in  the  armature  winding,  ^ 

Fig*  243f?  shows  a  bipolar  dynamo  with  an  ordinary  ring* 
armature^  whose  winding  is  connected  to  a  comrautator  fur 
the  delivery  of  direct  current.  The  armature  winding  con- 
sists of  ei^ht  complete  turns  or  convolutions,  connected  to 
a  commutator  of  eight  segments. 

In  Fig.  243^  is  shown  the  other  end  of  this  same  armature, 
with  two  contact  rings  connected  to  the  winding  at  two 
diametrically  opposite  points.  This  machine  is  a  true  rotary 
converter  of  single  phase,  and  may  be  used  to  convert 
alternating  into  direct  or  direct  into  alternating  curreii^j 
as  well  as  to  deliver  either  or  both  of  these  sorts 
current  when  mechanically  driven*  With  two  coUec 
ing  rings  the  armature  can  be  used  to  receive  or  deli* 
alternating  current  of  only  single  phase,  but  if  two  mor 
rings  are  added  and  connected  to  the  winding  at  two  point 
90  degrees  from  the  connections  of  the  other  rings,  two 
phase  currents  can  be  handled.     Still  other  pairs  d  co% 
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lecting  rings  may  be  connected  in  like  manner  to  points 

symmetrically  located  about  the  winding,  so  that  alternating 
cxirreot  of  any  desired  number  of  phases  may  be  received  or 
delivered.  This  rotary  converter  in  Fig.  243,  having  only 
one  pair  of  poles»  can  receive  or  deliver  only  alternat- 
ing current  that  equals  in  frequency  the  rate  of  revolution 
of  its  armature.  Thus,  for  current  of  2$  cycles  per  second 
the  speed  of  this  rotary,  whether  used  to  generate  or  con- 
vert, must  be  25x60=1,500  revolutions  per  minute.  For 
current  of  60  cycles  per  second,  such  as  is  more  commonly 
employed  for  the  general  distribution  of  light  and  power» 
the  speed  of  a  bipolar  rotary  converter  must  be  60x60 
" 3,600  revolutions  per  minute.  It  is  usually  necessary  for 
rotary  converters  to  operate  at  speeds  much  below  those 
just  named,  and  consequently  they  must  have  rather  large 
numbers  of  poles,  like  ordinary  alternating  generators.  In 
rotary  converters,  however,  the  use  of  a  large  number  of 
poles  is  attended  with  a  difficulty  that  is  not  present  in  the 
ordinary  alternator.  This  difficulty  is  due  to  the  fact  that 
the  armature  core  of  a  rotary  must  have  a  considerable 
number  of  slots,  and  its  commutator  at  least  an  equal  num- 
ber of  segments  per  magnet  pole,  to  insure  good  results  at 
the  brushes.  Take  for  illustration  a  rotary  converter  that 
must  generate  or  receive  alternating  current  of  60  cycles 
per  second  and  operate  at  300  revolutions  per  minute.  The 
cycles  for  this  machine  are  3  600  per  minute,  and  the  num- 
ber of  pairs  of  poles  must  be  3,600-^-300^  12,  or  24  poles. 
If  there  are  to  be  30  slots  per  pole,  an  ordinary  and  desir- 
able number,  the  arra.iture  core  must  have  30x24  =  730 
slots,  and  the  commutator  should  have  at  least  an  equal 
number  of  segments.  In  an  ordinary  alternator  a  small  part 
of  this  number  of  armature  slots  would  be  sufficient,  and 
the  problem  of  insulation  would  be  much  more  simple. 

The  speed  of  revolution  for  any  rotary  converter  depends 
on  different  factors,  according  to  whether  it  is  driven  by 
direct  or  alternating  current.  If  direct  current  is  employed 
to  drive  the  rotary,  its  speed,  like  that  of  any  direct-current 
motor,  depends  directly  on  the  strength  of  the  magnetic 
field  in  which  the  armature  revolves,  being  higher  when  the 
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field  is  \\  cak  and  lower  wheo  the  field  is  strong.  The  num- 
ber of  periods  per  second  of  the  alternating  current  deliv- 
ered by  the  collecting  rings  of  the  rotary  will  thus  change 
with  every  variation  of  the  field  strength,  while  direct 
current  is  the  motive  power.  Meantime  the  voltage  ratio 
between  the  current  received  at  the  commutator  and  that 
given  out  at  the  collecting  rings  remains  constant,  whatever 
changes  are  made  in  the  field  strength* 

If  the  rotary  is  driven  by  alternating  current  received  at 
the  collecting  rings,  the  number  of  revolutions  per  minute 
is  independent  of  the  strength  of  the  magnetic  field,  but 
depends  on  the  rate  of  cycles  of  the  driving  current,  as  the 
rotary  will  operate  in  synchronism  with  the  generator  that 
furnishes  the  alternating  supply.  In  other  words,  the  pro- 
duct of  the  number  of  pairs  of  poles  and  of  the  number  of 
revolutions  per  minute  for  the  rotary  will  equal  in  every 
case  the  product  of  the  like  numbers  for  the  alternator  that 
supplies  the  driving  currents.  Where  alternating  current 
is  the  motive  power,  as  in  the  reverse  case,  the  voltage  ratio 
for  the  currents  at  the  commutator  and  collecting  rings  is>J 
independent  of  the  strength  of  the  magnetic  field. 

A  rotary  converter  of  single  phase,  like  a  single^hase 
alternator  of  the  ordinary  type,  cannot  be  started  with 
single-phase  current,  though  direct  current  supplied  at  the 
commutator  will  start  it«  like  any  direct-current  motor* 
After  the  single-phase  converter  is  once  started  and  bronghl 
to  a  speed  that  puts  it  into  synchronism  with  the  source  ^ 
current,  it  will  continue  to  operate  if  connected  to  the  alter* 
nating  supply.  Rotary  converters  of  two,  three  or  more 
phases  start  Mrith  a  large  torque  and  come  rapidly  up  to 
synchronous  speed  when  supplied  with  altemadng  current 
of  like  numbers  of  phases  at  their  collecting  rii^s^  In  large 
systems  of  electrical  distribution  it  is  a  growing^  practice  to 
use  rotary  oooverters  both  to  receive  altematiiif  enoigj 
inxn  a  distance  and  to  generate  direct  current  from  meclsaD^ 
ical  power,  when  the  converters  are  not  in  use  for  tbej 
former  purpose.  In  soch  cases  the  rotary  defiTcrs 
current  in  any  event,  but  the  driving  power  varies  between^] 
the  dectrical  and  the  mechanical  source. 


e;rters. 


Another  use  of  rotary  converters,  or  of  double-current 

generators,  as  thev  are  often  called  in  such  cases,  is  1o 
supply  both  alternating  and  direct  current  when  mechan- 
ically driven. 

Such  a  use  of  these  machines  is  of  increasing  importance 
in  steam-driven  stations,  where  direct  current  is  sent  out  for 
near-by  service,  and  alternating  current  to  more  distant 
consumers. 

For  these  purposes  the  double-current  generators  are 
designed  to  deliver  energy  at  the  commutator  of  the  volt- 
age required  in  the  direct-current  distribution.  In  order  to 
secure  the  pressures  desirable  for  transmission  to  the  more 
distant  parts  of  the  system,  alternating  current  from  such 
generators  is  passed  through  transformers  at  the  station 
that  yield  current  of  suitable  voltage. 

Rotary  converters  or  double-current  generators  do  not 
yield  currents  of  equal  Vijltage  at  their  commutators  and 
collecting  rings.  On  the  contrary,  the  voltage  at  the  com- 
mutator is  always  greater  than  the  virtual  voltage  at  the 
collecting  rings.  If  the  rotary  converter  shown  in  Fig.  243^ 
and  b  be  driven  by  mechanical  power  at  such  a  speed  that 
direct  current  of  \qo  volts  is  delivered  at  the  commutator, 
the  single-phase  current  given  off  at  the  collecting  rings 
w*ll  be  at  70.7  virtual  volts,  if  the  machine  is  so  constructed 
that  the  curve  of  alternating  pressure  follows  the  true  sine 
law  The  greatest  pressure  at  any  point  on  such  a  sine 
curve  would  correspond  to  the  pressure  of  100  volts  at  the 
commutator,  and  the  virtual  volts  during  a  complete  cycle 
can  be  shown  mathematically  to  be  70.7  per  cent,  of  the 
maximum  for  a  single-phase  current  that  follows  the  sine 
law.  For  a  rotary  of  two  phases  the  virtual  voltage  in  each 
phase  is  also  70.7  per  cent,  of  that  at  the  commutator.  In  a 
three-phase  rotarj^  converter  the  virtual  voltage  at  the  col- 
lecting rings  is  6 [.2  per  cent,  of  that  at  the  commutator.  If 
the  watt  output  at  either  the  collecting  rings  or  the  com- 
mutator is  equal  to  the  watts  absorbed  at  the  other  end  of 
the  rotary  armature,  the  virtual  amperes  at  the  collecting 
rings  are  141.4  per  cent,  of  the  amperes  at  the  commutator 
of  a  single-phase  rotary  converter. 
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DIL   PUPIN*S   IMPROVEMENTS   IN   LONG-DISTANCE  TELEPHONY. 
BY  HERBERT  T.    WADE. 

Soon  after  the  laying  of  the  first  Atlantic  cable,  nearly 
fifty  years  ago,  Sir  William  Thomson  prophesied  that  it 
would  not  be  possible  to  exceed  a  certain  rate  of  speed  in 
the  transmission  of  signals,  on  account  of  the  so-called  capa- 
city of  the  cable.  This  prophecy  has  held  good,  for,  not- 
withstanding  multiplex  and  mechanical  systems  of  telegra- 
phy on  land,  the  submarine  cables  are  operated  at  an  average 
speed  of  but  twenty-fiye  words  a  minute*  The  use  of  a  sub- 
marine cable  in  telephony  over  a  greater  distance  than 
twenty-seven  miles  in  length  (Dover-Calais)  is  not  supposed 
to  be  practicable,  and  consequently  telephonic  communica* 
tion  is  not  available  where  a  large  body  of  ^vater  must  be 
crossed.  In  telephone  circuits  where  aerial  wires  are  em- 
ployed, there  are  also  limitations,  and  yet  long-distance 
telephony  on  such  a  scale  as  is  desired,  from  New^  York  to 
New  Orleans,  or  San  Francisco,  for  example,  has  not  been 
attained,  and  is  admitted  by  telephone  engineers  to  be  next 
to  impossible. 

After  a  series  of  experiments  performed  at  the  laboratory 
for  electro-mechanics  at  Columbia  University,  Prof.  M.  L 
Pupin  has  ascertained  that  with  cables  and  air  line  conduc- 
tors constructed  according  to  a  method  thus  far  employed 
in  the  construction  of  long-distance  electrical  conductors, 
which  involves  a  s^»mewhat  radical  but  nevertheless  a  very 
simple  departure  from  the  methods^  the  efficiency  of  trans- 
mission of  electrical  energy  is  greatly  increased,  and  that  a 
number  of  the  difficulties  just  enumerated  may  be  readily 
overcome.  The  method  may  be  stated  broadly  to  consist  in 
employing  what  Prof,  Pupin  calls  non-uniform  conductors  in 
place  of  ordinary  uniform  conductors.  In  the  course  of  his 
experiments  he  has  made  use  of  such  conductors  for  long- 
distance telephony,  and  the  researches  in  his  laboratory 
have  been  marked  with  great  success. 

Electrical  energy  when  sent  over  a  conductor  of  such 
length  as  is  used  in  long-distance  telegraphy  or  telephony  is 
transmitted  in  the  form  of  electrical  waves.     The  transmis- 
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sion  of  the  energy  under  such  conditions  can  hardly  be 
called  direct*  for  it  is  first  stored  up  in  the  medium  sur- 
rounding the  transmitting  h"ne,  and  from  here  it  is  then 
transferred  to  the  receiving  apparatus.  If  a  periodic  cur- 
rent is  impressed  on  the  circuit  by  the  transmitting  genera- 
tor,  we  have  periodic  variations  of  current  and  potential 
along  the  transmission  wire. 

In  the  study  of  electrical  waves  it  is  found  that  the  am- 
plitude of  the  wave  diminishes  as  the  energy  is  propagated 
from  the  source.  In  short,  a  weakening  of  the  current  is 
caused  which  is  styled  attenuation,  and  for  the  constant  of 
attenuation  there  is  a  mathematical  expression  in  which  the 
inductance,  resistance  and  capacity  of  the  conductor,  and 
the  frequency  speed  figure.  The  loss  of  energy  is  due  to  the 
imperfect  conductivity  of  the  wire,  and  it  is  regulated  by  the 
inductance  and  capacity  in  the  circuit.  The  most  important 
feature  of  this  regulation  is  the  following:  If  a  conductor 
has  a  high  inductance,  a  given  quantity  of  energy  will  be 
transmitted  with  less  loss  than  over  a  conductor  with  a 
smaller  amount  of  inductance*  This  fact  was  known  to  Oli- 
ver Heaviside,  the  mathematical  physicist  of  England,  and 
while  his  theory  demonstrated  the  superiority  of  a  wave 
conductor  of  high  inductance,  it  did  not  indicate  a  way  in 
which  such  a  conductor  could  be  constructed.  The  mere 
introduction  into  the  circuit  of  a  coil  or  coils  has  been  tried 
without  success,  as  there  was  no  underli^ng  mathematical 
theory  to  govern  the  experiments. 

Prof,  Pupin,  however,  has  developed  such  a  theory, 
which  serves  to  explain  the  problem,  and  its  main  features 
are  well  shown  in  a  mechanical  illustration  in  which  the 
same  elements  are  present  as  are  found  in  the  question  of 
the  transmission  of  electrical  waves*  To  one  prong  of  a 
tuning  fork  rigidly  fixed  at  C  is  fastened  a  cord  whose  other 
end  is  attached  to  some  firm  object  as  D,  shown  in  the  illus- 
tration at  I ,  Fig,  244,  Let  the  fork  be  set  into  vibration  and 
a  wave  motion  results,  which,  if  the  resistances  due  to  fric- 
tion are  negligible,  will  take  the  form  of  stationary  waves, 
as  show^n  at  2.  But,  assuming  that  the  frictional  resistances 
are  not  sufficiently  small  to  be  neglected,  then  the  direct  and 
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reflected  waves  will  not  be  equal*  and  instead  of  stationary 
waves  there  will  be  waves  where  the  amplitude  of  the  par- 
ticles at  the  greatest  distance  from  the  tuning  fork  will  be 
less  than  that  nearer  the  source  of  motion,  as  shown  at  3, 
the  energy  being  dissipated  by  the  frictional  resistances  in 
its  progress  along  the  cord.  This  weakening  or  attenuation, 
however,  will  be  diminished  if  a  string  of  greater  density  is 
employed,  since  a  larger  mass  requires  a  smaller  velocity  in 
order  to  store  up  a  given  amount  of  kinetic  energy,  and  a 
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smaller  velocity  occasions  a  smaller  frictional  loss.  Now  let 
a  weight,  such  as  a  ball  of  wax,  be  attached  to  the  vibrating 
cord  at  its  middle  point  so  as  to  increase  its  mass.  This 
weight  will  serve  to  occasion  reflections,  and  there  will  be 
far  less  energy  transmitted  to  the  extremity  of  the  string 
than  before.  Then,  if  the  mass  of  w^ax  be  subdivided,  and 
put  at  regular  intersals.  as  shown  in  diagram,  4,  Fig.  244^ 
the  efficiency  will  be  increased.  The  further  we  proceed  in 
this  subdivision  the  higher  will  be  the  efficiency  of  transmts- 
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^ion,  but  a  point  will  be  soon  reached  beyond  which  it  is  not 
possible  to  secure  an  appreciable  improvement  bv  further 
subdivision. 

This  point  is  where  the  curd  thus  loaded  vibrates  very 
nearly  like  a  uniform  cord   of  the  same  mass,  tension  and 
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frictional  resistance,  as  we  may  see  by  reference  to  5,  There- 
fore, to  secure  an  increase  in  the  efficiency  of  transmission 
-over  a  cord  thus  loaded,  we  must  properly  s\ibdivide  the 
load  and  the  distances,  or  otherwise  the  effects  of  reflec- 
tion will  destroy  the  benefits  derived  from  the  increased 
mass.     In  the  experiments  wnth  the  cord  it  was  found  im- 
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possible  to  load  the  cord  in  such  a  way  as  to  make  it  equiv- 
alent to  a  uniform  cord  for  all  wave  lengths;  but  if  the  load 
was  distributed  so  that  it  satisfied  a  given  wave  length,  it 
also  answered  for  all  longer  wave  lengths.  The  mathemati- 
cal theory  and  law  for  the  vibration  of  a  cord  under  such 
conditions  is  exactly  the  same  as  that  governing  the  distri- 
bution of  the  electric  current  over  a  wav^e  conductor  under 
the  influence  of  similar  forces,  kinetic  or  mass  reaction,  ten- 
sion a  1  reaction  and  resistance  reaction  in  the  case  of  the 
cord  being  paralleled  by  electro-kinetic  reaction,  capacity 
reaction  and  ohmic  resistance  reaction  in  the  case  of  the 
wave  conductor.  Therefore,  it  will  be  understood  that  if 
inductance  coils  are  introduced  along  the  wave  conductor  at 
periodical  intervals,  the  efficiency  of  the  transmission  of 
electrical  energy  is  increased.  Prof.  Pupin's  conclusion  is 
that  a  non-uniform  conductor  is  as  nearly  equivalent  to  its 

correspimdingly  luiiform    conductor  as  sin  ^  is  to  *^  where 

p  is  the  angular  distance  between  the  inductance  points  of 
inductance  sources  and  the  angular  distance  to  2*r  corre- 
spontls  with  the  wave  leugth.  Here  the  value  g>  is  inversely 
proportional  to  the  wave  length,  so  that  for  a  given  dis- 
lance  between  the  reactance  points  the  degree  of  equiva- 
lence diminishes  as  the  wave  length  diminishes.  If  the  wave 
cond\icted  be  of  complex  nature,  such  as  is  met  with  in  tele- 
phony where  the  overtones  of  the  voice  are  present,  then,  if 
the  approximation  suffices  for  the  highest  essential  fre- 
quency,  the  conditions  will  be  even  more  favorable  for  the 
lower  notes. 

From  theory  to  experiment  was  the  next  step  in  this 
investigation,  and  the  study  of  these  electrical  waves 
was  undertaken  while  they  were  passing  over  wave  con- 
ductors. The  experimental  proof  consisted  in  demonstrat- 
ing that  non-uniforni  conductors  of  the  description  just 
given  will  show  the  same  wave-length  and  the  same  attenti- 
ation  for  a  certain  frequency  and  for  all  lower  frequencies 
as  a  uniform  conductor  of  the  same  inductance^  resistance 
and  capacity.  The  wave-length  is  of  course  conditioned  bjr 
the  frequency,  and  in  the  constniction  of  the  apparatus  the 


construct  such  a  cable  was  a  task  of  much  labor,  and  three 
cables  were  made  and  experimented  with  before  the  final 
form  was  reached,  which  approaches  very  nearly  the  condi- 
tions existing:  in  a  submarine  cable.     This  was  formed  of 
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thin  strips  of  tinfoil  Uiid  on  sheets  of  paraffined  paper  and 
carcfylly  connected,  their  length  bein^  sufficient  to  afford 
considerable  resistance,  while  the  capacity  was  regulated  b\' 
the  thickness  of  the  insulating  material.  The  strips  were 
then  connected  in  sections,  each  being  equivalent  to  one 
mile  of  cable  with  a  resistance  of  9  ohms  and  a  capacity  of 
.074  microfarad,  and  were  arranged  in  groups  of  fifty,  one 
such  group  being  contained  in  the  heavy  case  shown  in  the 
center  of  the  illustration,  Fig.  246.  Having  a  cable  where 
there  is  resistance  and  capacity,  it  is  possible  to  demonstrate 
experimentally  the  vigorous  attenuation  of  the  current  and 
to  stuilv  the  propagation  of  the  electrical  waves.  This  at- 
tenuation, as  has  been  said,  is  remedied  by  the  insertion  of 
induction  coils  into  the  circuity  and  the  illustration  and  dia- 
gram show  the  method  of  adding  such  coils.  The  wires 
fr(»m  the  various  sections  of  the  cable  are  connected  with 
brass  plates  placed  on  a  long  wooden  strip,  and  by  means  of 
plugs  and  binding  posts  the  circuit  can  be  regulated.  At 
the  gap  between  any  two  successive  sections  of  the  cable  a 
coil  or  coils  containing  inductance  can  be  added,  and  by 
merely  inserting  a  plug  can  be  cut  out  of  the  circuit.  Using 
a  small  alternator,  and  circuits  with  suitable  inductance  and 
capacity,  to  impress  a  simple  harmonic  electromotive  force 
the  waves  were  investigated.  The  alternator  was  so  con- 
structed as  to  give  currents  of  different  frequencies  and  thus 
produce  the  circuit  waves  of  different  length.  Then  with  a 
slide  contact,  G»  and  galvanometer,  H,  arranged  as  shown 
at  6.  Fig.  245,  it  was  possible  to  ascertain  the  condition  of  the 
current  at  any  point  along  the  line.  In  this  wa}^  observa* 
tions  were  made  and  curves  plotted  showing  the  max- 
imum and  minimum  amount  of  current  and  the  length  of 
the  wave  passing  along  the  conductor.  Such  a  curve  is 
shown  at  7,  the  number§  along  the  horizontal  line  in  the 
middle  representing  the  distance  from  the  middle  |X)int  of 
the  cable,  and  the  dots  the  currents  at  various  distances 
from  this  point- 
Connecting  these  points  we  have  a  close  approximation 
to  ao  attenuated  sine  cur\-e  as  required  by  the  mathemat- 
ical theory.     In  this  case  the  wave  length  is  17  miles  and 
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the  freqiieiicj  625  periods  per  second.  Contrast  this  with 
the  following  illustration,  where  the  inductance  is  not  pro- 
perly placed  in  the  circuit,  and  the  result  shows  a  remark- 
able attenuation  and  reflexion  of  the  weaves*  Leaving  the 
t-xact  mathematical  considerations  out  of  question,  it  may 
be  stated  if  the  induction  coils  are  placed  at  intervals  about 
one-sixteenth  of  the  wave  length  the  non-uniform  conductor 
will  be  like  a  uniform  conductor  to  within  tw^o4hirds  of 
one  per  cent.  If  this  is  done  the  attenuation  is  made  very 
small,  comparatively  speaking,  and  the  electrical  energy  is 
transmitted  wdth  but  slight  dissipation.  A  numerical 
example  will  illustrate  this  more  clearly*  If  the  cable  is 
employed  with  the  inductance  coils  placed  properly,  then 
two  and  oneJialf  per  cent,  of  the  current  generated  at  the 
transmitting  end  reaches  the  receiving  end  of  the  cable*  But 
if  the  coils  are  cut  out  and  the  cable  used  in  the  ordinary 
wa},  then  only  one  two  hundred  and  fifty  thousandth  part 
of  the  current  sent  in  at  the  transmitting  end  reaches  the 
receiving  end.  In  other  w^ords,  the  insertion  of  the  coils 
enables  the  cable  to  transmit  6,000  times  as  much  current. 

The  first  applicatiim  of  the  results  of  this  investigation 
has  been  to  long-distance  cable  telephony ;  the  cable  being 
employed  as  before  with  the  inductance  coils  at  intervals 
of  one  mile,  and  at  either  end  of  the  line  two  sets  of  ordin- 
ary telephonic  instruments.  Over  this  line  of  250  miles  of 
cable  one  can  carry  on  a  conversation  distinctly,  the  fact 
seeming  the  more  remarkable  when  it  is  realized  that  about 
40  miles  is  the  present  limit  for  cable  telephony,  and  that 
the  longest  cables  in  the  New  York  subw^ays  are  15  miles 
in  length.  These  experiments  from  a  purely  scientific 
point  of  view  demonstrate  the  feasibility  of  transatlantic 
telephony. 

It  is,  however,  in  regard  to  its  applicability  to  tele- 
graphy, that  its  advantages  for  marine  ^vork  must  be  espe- 
cially considered,  where,  as  soon  as  the  speed  is  increased, 
the  attenuation  of  the  weaves  occurs,  and  a  limit  is  very 
early  set  upon  the  rate  of  operatirm.  With  the  attenuation 
taken  care  of  by  inductance  coils  added  at  specific  distances 
along  the  cable,  the  current    would   be   transmitted    with 
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f»inall  loss  to  its  destination,  and  not  only  would  the  ordi- 
/^  nary  speed  of  operation  be  increased,  but  by  the  use  of 

methods  similar  to  those  employed  on  land  for  rapid  tele- 
graphy the  efficiency  would  be  made  many  times  greater. 
The  inductance  coils  could  be  added  to  the  conductor  at 
certain  distances  and  placed  within  the  sheathing  at  small 
expense  in  comparison  with  the  cost  of  the  cable,  and  being 
made  ab(;ut  one  inch  in  diameter  and  six  inches  in  length 
would  create  no  particular  difficulty  either  in  the  manufac- 
ture or  in  the  laying  of  the  cable. 

The  earliest  application  of  this  method  will  doubtless  be 
to  aerial  conductors  to  increase  the  present  limits  of  long- 
distance telephony  now  placed  at  St.  Louis  from  New 
York.  The  inductance  coils  at  slight  cost  can  be  attached 
to  the  cross  arms  of  the  poles,  and  instead  of  the  heavy  cop- 
per wires  now  required,  a  smaller  and  less  expensive  con- 
ductor may  be  used.  According  to  the  theory  and  its 
experimental  verification,  there  seems  to  be  nothing  to  pre- 
vent a  very  wide  increase  in  the  limiting  distance  of 
modern  telephony  through  the  use  of  this  method  of  con- 
structing conductors,  and  trials  in  the  field  under  actual 
conditions  of  service  are  anticipated  with  interest  by  tele- 
phone engineers.  It  is  worthy  of  notice  in  connection  with 
this  discovery  that  its  entire  development  has  been  carried 
on  along  strictly  scientific  lines  by  Prof.  Pupin.  to  him 
being  due  the  conception  of  the  mathematical  theory 
involved,  its  experimental  verification,  and,  lastly,  its  appli- 
cation to  an  important  technical  problem. 
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The  SctENTiPic  Amf.rican  Cycijdpedia  of  Receipts^  Notes  and  Queries  was  first 
published  in  the  autumn  of  1891.  It  was  well  received  by  the  press,  came  quickly  into  the 
favor  of  purchasers  and  has  had  an  unprecedented  sate.  It  has  been  used  by  chemists, 
technologists,  aod  those  unfamiliar  with  the  arts,  with  equal  success,  and  has  demonstrated 
that  It  is  a  book  which  is  useful  in  the  laboratory,  factory  or  home.  It  consists  of  a  careful 
compilation  of  the  most  useful  receipts,  and  information  germane  to  the  scope  of  the  book, 
whicb  have  appeared  in  The  Scientific  American  for  more  than  half  a  century.  The 
Publishers  now  take  pleasure  in  ofiTering  the  Sixteenth  Revised 
Edition,  which  has  been  broug[ht  up  to  the  latest  requirements 
by  the  insertion  of  goo  new  formuLx*,  making  it  the  latest  and  most 
complete  volume  on  the  subject  of  receipts  ever  presented.  Over 
15,000  selected  formula;  are  here  collected,  nearly  ever)'  branch  of 
the  useful  arts  being  represented.  Many  of  the  principal  substances 
and  raw  materials  used  m  the  arts  are  described,  and  almost 
every  inquiry  relating  to  formulfe  will  be  found  answered.  It  is 
more  than  a  receipt  book,  as  in  most  cases  it  gives  all  the  standard 
and  special  formuL-e,  thus  enabling  the  reader  to  find  a  receipt  which 
tits  his  peculiar  need.  An  alphabetical  arrangement  with  abundant 
cross  references  makes  it  an  easy  work  to  consult.  Those  who  are 
engaged  in  any  branch  of  industry  will  find  this  book  of  the  greatest 

practical  value,  and  we  especially  commend  it  to  those  who  are  in  search  of  an  independent 
business,  as  they  will  find  many  formuhie  for  the  manufacture  of  salable  articles  which  will 
be  worth  many  times  the  cost  of  the  book.  The  Appendix  contains  the  very  latest  formulae 
as  well  as  41  tables  of  weights  and  measures,  and  a  dictionary  of  chemical  synonyms. 
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